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© Crosslinked carboxy polysaccharides. 

© Inter and/or intramolecular cross-linked esters of acid polysaccharides are disclosed in which a part or all of 
L,«nlZ?T P l are * Sterified with *WP» of the same molecule and/or of different molecules of the 

bSlo Jh k? ' nner cross - ,inked esters °' Polysaccharide acids are useful in the field of 

t^SStlS^^-^T^ ? manufaCture sanitar > and SUf 9ical articles, in the cosmetic and pharmaceuti- 
cal fields. «n the food industry and in many other industrial fields. 
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CROSSUNKED CARBOXY POLYSACCHARIDES 


The present invention concerns inter and/or intramolecular ast«r« of ^ . 
carboxy functions, in which a part or all of such functions^ e*eri ed IS l^ Sacchandes Gaining 
molecule and/or of. different molecules of the acid polysaccLii thS Toll T 9TOUPS °' Same 
ester bonds. These "inner" esters of polysaccharide I addf?n whi^Th., 9 - ^ ° r ""•"^•eular 

5 of other alcohols, can also be defined "as "autoSosS^ ZTeT ,* ° H 9r ° UPS 

mono- or polymolecular cross-link is the consequence of ih« ^ .1 I ' °* formation °' a 
Hereafter, the new compounds of the presentence will be rl^n ? h t"^ imema ' esteri ««tion. 
"cross-linked" refers to the crosswise connections , *! !** ^ adjectiv9 

ride molecules. connections between the carboxyls and hydroxy* of the polysaccha- 

" fcncSnV:: izs: zzzx^:^? r her , - or oniy - - *° — 

either totally or partially esterified w.^'Z^n^^^^ 'T^ e " 09 
groups, and in the partial esters of both these ester «,!„; alcono,s - thus to™ng "external" ester 

or salified with metals or organic bases. non-estenfied carboxy functions may be free 

'5 Esterification between different Doivsaeeharirto , 

weight, which can be roughly JSJTS^ J^ST t mCT9aSeS their mo,ecu «^ 

crosslinking. The degree of "polymerization" Z^ Jcar2n t ""^ °' m ° leCU,eS inv ° ,ved in *e 
procedure described hereafter such n Tmoerlr! ~!T l * COn «« ons used j " the preparation 
polysaccharide to be «rtlnk^^,^ff l L?^ dUrat, ° n ' but " may likewis ° *P«nd on the 

» of ester bonds, an approximate deprecation c'S'T *" between me ^P** 

proportional to the number of TSSSTS «T« r!T !" ^ °' ^ m ° ,eCU,ar wei 9 ht ' lhis big 
intermodular inner esters pLZTJ^ZL^t £?Ef *?■ °' ** abovesaid bonds « 

resulting from the fusion of two orTl oTslSn^H f r0S I S,,nked P roducts °' the present invention, 
"polymerization- in theseterms ^y^T^T^T^T VaryinQ in dearee °' 

illustrative Examples. * ° btained f0r examp,e by means °' the procedure used in the 

the food industry and in many other iSX 22* C ° Smet,C ^ P ha ™ a <^tical fields, in 

^ll^^l^^^ ITS aTd 7" " "* ^ **** ™ * - 

the natural ones of animal or Zeal oril ^ I T Mterature - such as 

hyaluronic acid. a.ginic add caTboxleZln , * T der ' VatiVeS * Same ' but ab0v * a » 
■carboxym.thyl.midO ^ carboxymethyl starch (also referred to as 

such as^hoseThyaiu 0 "c ^ ^ °' addiC 

carboxymethy.ce.Jose. T^S^S^^^^ " ST? Compounds - ™* WW esters of 
materials are described in the ttiZ oatLt^n , • ?■ "^y^ethyfch.tin which can be used as starting 
they can be obtained acco dt fl t^H» a PP ,lcatl0n N °- 47963A/88 presented on the same date and 

charides as well as their partial eslers ^ * ,raCt '° nS ° f the abovesaid acidic 

JSzszzZn :Vo: si ::v^ r : z > e t :r ed r r nds upon the ™*» ^ « 

number of salified groups as wel as ih« din 1 T ° MtBn,,ad C3rb ° Xy functions - and a,so tn « 
involved in the process of JLZ*! I S. 9 66 ° f a 99 re 9 a,ion ("Polymerization") of the molecules 

product ^ , ^^s^s^•T^ n ^^ , . a, • ? f r ors which determin9 *• m * ° f *° 

aqueous liquids and are STtl'^- T 1 P ' th8 ,0,a ' 9SterS practica,,y insolub,e in 

materials and as TdditTes for sucH Zen^T? ? * ™ th8 of plastic 

their salts with tnJ^%£Z " ? ° r '° W deQreeS °' 9Ste " fi ««°n and 

tor me preparation onels dest^ed wS^V*" * T S °' Ub,e aqU9 ° US COnditions « suita «"e 
medical-sanitarv Tfield ^^in general ^ C ° SmetiC P h *™™«<* ^.ds and in the 

"cross-links^ ^ ^ter^i i^L ^ Pa " ° f ,he Same - theSe partial inner esters the percentage of 
carboxy O^^T^tSiiT 6 ° % ' ^ ^ $ ^ 3 ° % °' ^ ^ °' 

The new ,nner esters of the present invention have become available because of the discovery of an 
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.original chemical procedure which is based on the activation of the carboxy groups by the addition of 
substances capable of inducing such activation. The unstable intermediate products obtained from the 
activation reaction separate spontaneously, either after the addition of catalysts and/or following a rise in 
temperature, forming the above mentioned inner ester bonds with hydroxyls of the same or other 
polysaccharide molecule. According to the degree of inner esterification desired, either all or an aliquot part 
of the carboxy functions are activated (the aliquot part being obtained by using an excess of activatino 
substances or by suitable dosing methods). 

The carboxy groups to be converted into inner ester groups can be activated starting from polvsac- 
Chandes containing free carboxy groups, or. preferably, from polysaccharides containing salified carboxy 
groups, for example metal salts, preferably alkaline or alkaline earth metals, and above all with quaternary 
amonium salts, such as those descried hereafter. Salts with organic bases such as amines can however 
also be used as starting substances. 

Methods for the activation of free or salified carboxy groups are per se known, particularly in the field of 
. peptide synthesis, and those skilled in the art can easily determinTwhich method is the most suitable 
especially whether or not to use the starting substances in their free or salified form. Activation methods per 
se known for peptide synthesis procedures and useful in the preparation procedures of the prasim 
invention are described, for example, in Bodanszky. M.. In search of new methods in peptide synthesis Int 
' P *J>™* * otein fles - 25 - 198S - ^d Gross. E. et a... The Peptides. Analyst Synthesi Biology 

Academic Press. Inc.. 1979. Vol. 1. Chapter 2. According to such procedures, a carboxy. component is 
activated, that is. a carboxyl component is converted to a reactive form. Such activation typically involves a 
reaction between an acid and an activating agent according to the scheme: 


ll 

R-COOH-R- C-X. 


wherein X is an electron withdrawing moiety. Most activated derivatives of carboxylic acids therefore are 
25 mixed anhydrides, including in the broad sense also acid azides and acid chlorides which can be 
considered mixed anhydrides of hydrazoic acid and HCt as the activating agents. In addition, activation of a 
carboxyl component can be accomplished by the formation of intermediate "activated esters" These 
"activated esters" can be of various types, but particularly useful "activated esters" are those prepared by 
use of dicyclohexylcarbodiimide. p-nitrophenyl esters, trichlorophenyl esters, pentachlorophenyl esters and 
jo O-acyl denvatives of hydroxylamines. particularly esters of N-hydroxysuccinimide. 

All of these various types of activation procedures are useful in the preparation of the cross-linked 
carboxy polysaccharides of the invention, as all of these procedures can be characterized as importantly 
involvmg the reaction of a carboxyl group with an activating agent which essentially results in the formation 
of a substituent group that is easily reactive with a hydroxy! group so as to easily form the inner ester 
as bonding characteristic of the products of the invention, the number of carboxy functions to be converted into 
inner esters is in proportion to the number of activated carboxy functions and this number depends on the 
quality of the activating agent used. In order to obtain total inner esters therefore, an excess of activating 
agents should be used, while in the case of partial esters, the quantity of this agent should be dosed 
according to the degree of esterification desired. 
to The carboxy groups which are still free or salified after the cross-linking reaction according to the 
present invention can be exchanged in order to obtain opportune salts or can be sterified with the 
abovementioned monovalent or polyvalent alcohols thus obtaining mixed esters, partly cross-linked and 
partly externally estenfied. Of course, partial esterification with alcohols can be effected before activation of 
part of the carboxy groups and • subsequent conversion into inner esters, that is. the abovementioned 
*s polysaccharide esters can be used as starting substances. 

The new procedure for preparation of cross-linked polysaccharides is therefore characterized by 
treating a polysaccharide, having free or salified carboxy groups and possibly also carboxy groups 
estenfied with mono- or polyvalent alcohols, with an agent which activates the carboxy function, possibly in 
the presence of an auxiliary agent favouring the formation of intermediate activated derivatives and/or a 
tertiary organic or inorganic base, exposing the mixture to heating or irradiation (particularly with UV light) 
and. if desired, esterification with mono- or polyvalent alcohols of the carboxy groups still free or salified in 
the polysaccharides thus obtained, and if desired, by salifying free carboxy groups or by freeing salified 
carboxy groups. Of the substances able to activate the carboxy group, the conventional ones described in 
literature can be used, for example those usually used in the synthesis of peptides, except however those 
which would have the effect of altering or destroying the molecular structure of the starting polysaccharide, 
such as those used for the formation of carboxyl halides. Preferred substances which lead to the formation 
of activated esters are those, such as. carbodiimides. dicyclohexylcarbodiimide. benzyl-isopropylcar- 
bodnmmide. benzyl-ethyl-carbodiimmide; ethoxyacetylene: Woodward's reagent (N-ethyl-5- 


3 


y phenylisoxazoiium-3-sulfonate). or halogen derivatives from aliphatic, cycloaliphatic or aromatic hydrocar- 
bons, or from heterocyclic compounds with halogen made mobile by the presence of one or more activating 
groups, such as chloroacetonitryl and especially the salts of 2-chloro-N-aikypyridine. such as chloride of 2- 
chioro*N-methyl-pyridine or other alky! derivatives with inferior aikyl groups, such as those with up to 6 
5 carbon atoms. In the place of chloride derivatives, other halogen derivatives can of course be used, such as 
bromide derivatives. 

This activation reaction can be carried out in organic solvents, especially aprotic solvents such as 
dialkylsulfoxides, diaikylcarboxylamides. such as in particular lower aikyl dialkyisulfoxides. particularly 
dimethylsulfoxide. polymethylene sulfoxides, such as tetramethylene sulfoxide, dialkyls or polymethylene 

to sulfones. such as tetramethylene sulfone. sulfolane and lower aikyl dialkylamides of lower aliphatic acids in 
which the aikyl groups have a maximum of six carbon atoms, such as dimethyl or diethyl formamide or 
dimethyl or diethyl acetamide. Other solvents may also be used, however, and these need not always be 
aprotic. such as alcohols, ethers, ketones, esters, such as lower aliphatic dialkyioxyhydrocarbides, such as 
dimethoxyethane and especially aliphatic or heterocyclic alcohols and ketones with a low boiling point, such 

/5 as lower N-aikyl-pyrrolidones. such as N-methylpyrrolidone or N-ethyl-pyrrolidone. hexafluoroisopropanol 
and trifluoroethanol. if halogen derivatives are used as carboxyl-activating substances, especially in the form 
of salts, such as the above mentioned 2-chloro-N-methylpyridinium chloride, it is better to use a metal salt 
or a salt of the organic base of the starting polysaccharide, especially one of the quaternary ammonium 
salts described hereafter, such as tetrabutyl ammonium salt. These salts have the special advantage of 

20 being very soluble in the abovesaid organic solvents in which the crosslinking reaction is best effected, thus 
guaranteeing an excellent yield. It is advisable to add to the mixture a substance capable of subtracting 
acid, such as organic bases, carbonates, bicarbonates or alkaline or alkaline earth acetates, or organic 
bases and especially tertiary bases such as pyridine and its homologues. such as collidine, or aliphatic 
amine bases, such as triethylamine or N-methyl-piperazine. 

25 The use of quaternary ammonium salts represents a particuiary advantageous procedure of the present 
invention and constitutes one of its main objectives. Such ammonium salts are well known and are prepared 
in the same way as other known salts. They derive from alkyls having preferably between 1 and 6 carbon 
atoms. It is preferable to use tetrabutyl ammonium salts. One variation in the procedure of the present 
invention in which quaternary ammonium salts are used, consists in reacting an alkaline salt, for example 

30 sodium or potassium salt, in the presence of catalyzing quantity of a quaternary ammonium salt, such as 
tetrabutylammonium iodide. 

The substances which catalyze activation of the carboxy groups to be added to the activating agents 
are reported in literature and these too are preferably bases such as those mentioned previously. Thus, for 
example, when the carboxy groups are activated with isothiazoline salts it is preferable to add some 

35 triethylamine to the reaction mixture. 

The reaction of formation of activated intermediates, such as and especially esters, is carried out at the 
temperature recommended in literature and this temperature can however be varied should circumstances 
require as can be easily determined by one skilled in the art. The formation of inner ester bonds can come 
about within a fairly wide temperature range, for example between 0° and 150°. preferably room tempera- 

40 ture or slightly above, for example between 20° and 75°. Raising the temperature favours the formation of 
inner ester bonds, as does exposure to radiations of suitable wavelength, such as ultraviolet rays. 

In the produced polysaccharide crosslinked products, those remaining free carboxy groups or those in 
the form of salts can be partially or totally esterified with mono-or polyvalent alcohols, thus obtaining esters 
mixed with bonds which are in part internal and in part external. The alcohols used for this esterification 

<5 correspond to those dealt with hereafter and from which the new mixed esters of the present invention are 
derived. 

For esterification of the free or salified carboxy groups, known, conventional methods may be used, 
such as reaction between a carboxy salt, such as sodium salt, and an etherifying agent or the alcohols 
themselves in the presence of catalyzing substances, such as acid-type ion-exchangers. The known 

so etherifying agents described in literature can be used, such as especially the esters of various inorganic 
acids or organic sulfonic acids, such as hydrogen acids, that is the hydrocarbyl halides such as methyl or 
ethyl iodide or neutral sulfates or hydrocarbyl acids, sulfites, carbonates, silicates, phosphites or hydrocar- 
byl sulphonates. such as methyl-, benzo-, or p-toluolsulfonate or methyl or ethyl chlorosulfonate. The 
reaction can take place in a suitable solvent, such as an alcohol, preferably the one corresponding to the 

55 aikyl group to be introduced into the carboxy group, but also nonpolar solvents such as ketones, ethers 
such as dioxane or aprotic solvents, such as dimethylsulfoxide. As a base, it is possible to use for example 
an alkaline or alkaline earth metal hydrate or magnesium or silver oxide or a basic salt of one of these 
metals, such as a carbonate and. of the organic bases, a tertiary nitrogenous base, such as pyridine or 
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, collidine. Instead of the base it is also possible to use a hasir i fln ^h a ^ . 

ammonium salts. M ammonium or substituted 

According to one chemically original procedure described in the abovasa/n e ~ 

5 No. 86305233.8. the external esters can be advantageous. Spared fv S 1**™ a PP"' cation 
salts with an etherifying agent in an aprotic solvent suchZV,*^^ 9 ^* quaternar y ammonium 
as in particular tower J^dWcytaWoSd* Z a miimum o B T^I^TTT^ 
ide. and the lower alky, dia.kylam.des of lower aliphatic add sSTas 6 m^hviT!! 'arly d.methy.sulfox- 
dimethyl or diethyl acetamide. Reaction should be effete "or^ll 1 ' d ' 9thyl formamide ° r 

;o between about 25» and 75° for examole It&JTwT?? * W,thm 3 tem P«'ature range of 
adding the efrerifying a^Mo^Tc^d ~ 
tor example in dimethylsulfoxide. Dissolved in one of the solvents mentioned. 

As alkylating agents it is possible to use those mentioned above esoeciallv th„ a .i™. h , 
starting ammonium salts it is preferable to use lower amm^.mT^ ?? , f V 3ky ' halo 9 ens - ^ 

.5 preferably between 1 and 6 carbon atoms ." s iesMoTe ' ^ 9r ° UpS have 

ammonium salts can be prepared by reacting a ^ ■^E^-^*™ ^ ^ quaternarv 
esterified. preferably one of thoL menS aho!l IS ?* *' d ' C ^'V 83 "^^. in part internally 
so.ution with a salified sulfoni resin ™ TolJ^ IT V T*™" P ° taSSium salt ' in aque °" 8 
the polysaccharide ester ci be ZT, ^ ,e,ra ' ky ' amm ° nium base * 

» above aprotic solvents, so that esteSon accoSno ? Jl ^ 956 SaitS « 80,015,9 in *• 

good yields. It is therefore only £ TS^SS^J^ ^ ^ " pMar1 ^ ea8 Y «* Prides 
esterified can be exactly dosed 9 P m9 " umber of carbo *V 9™P* to be 

solved 1^ - sodium sait suspended in a suitable 

* of a quaternary ammonium *" ™ ° f 3 """«* 

intended use of the ProduTrn?^ °' is ba8 ° d « *• 

potassium salts or ammonium salts cI^TT Hi P™* 51 * thosa of alkalme m «tals. such as sodium or 
» magnesium or aluminuT S ' C6S ' Um *** °' a,kaUne eartn m «ta.s. such as calcium. 

^^^^^^S^^r^ "T^ ^ toa «P^c or heterocyclic 

or from amines with T^llTJon altZ J^T^T bUt ami " es ' 

amines, for example, mono, di and Seines SSkJS? ""^P" *ou« be given to aliphatic 
w arylalkylamines with the same Vurnber TcTrLr ? . a,Ky ' 9r0ups w,tn a ™ximum of 18 carbon atoms, or 
benzene group possibly substituted bv bltw^n i ?\ !" a "' phatiC p3ft 3041 whe ' 9 "V ™ans a 
amines, but not active in cvcL^fn J a 3 ^ A$ ^^^cally acceptable 

between 4 and 6 carbon atom? " , 9 V9fy SU,table> such 38 a,k y ,ene a" 1 '™* "«h rings of 

nitrogenous drugs TuS * toose o S? ^ 859 ^ Can th9re,0re derive ,rom a » basi <= 

-s zodiazepines thioxan^henes hoTm/nJ T 9 9r ° UPS: a ' kal0idS ' peptides - P^noth^ines. ben- 

hypnotiw. ioreS^ antipsychotics, antiemetics, anesthetics. 

antibacterialTiZ^ " h TO* """""V vasodilators - antineoplastics, antibiotics, 

vasoconstrictorr SS« Tot s t SSS- " inhibi, ° rSl n0nSterOid a "«-«a— atory agents, 

narcotic antagonists cholinergic antagonists, adrenergic agonists, adrenergic antagonists. 

50 Po.y«c e ^deTav b i e ngTc?^ l7 b ™fT ~ T" T 9 ^ 9Xamp ' 9 by treatina 

However salts 11?, . °* fr8e Carboxy ^ttons. with the calculated quantity of base 

I^'*Xn^T^i2 r r? d0Ub ' e 9XChan " : '° r 9Xamp,e il is P° 88ib,e 10 *£n alpine safts.' 
and/or P Sresterifi«H 9 th ^ ° f quaternar y ammonium salt of the crosslinked polysaccharide 
38 nZL T V 8S 1 tenfied - w,th an aqueous solution of alkaline chloride, and isolatino the alkaline 
^ crJ^I* bypreci P itation with a Citable solvent, such as a ketone, for exampfe with acetne 
sv „t^? Cr0 "-" nked Polysaccharides of the present invention may use. as starting substrate ^v naturai or 

matenals for the procedure of the mvention. The invention especially concerns cross-linked acidic polype 


ss 


charides derived from hyaluronic acid f mm , • 

ymeth y ,am,de and from carboxyme.hy.cn^n ^ ^ ,r0m ca ^xy m et ny , ce , Iu(ose . from ■ 

Hyaluronic acid derivatives are nf mJin • cafoox- 
biolog,cal origin of the starting •uft^J!2 rtM . COmpwd t0 deriv ^es of other series h , 
5 phases, surgery and ? ^ ^ 

The substrate of hyaluronic acid can „7 

■nonlr^J^.^^ h «c^ to the invention "tor extn'o ? ^ 0n9 PUrified 
m the cross-linked DOlvsacehariH** ^ . 


Alcohols of the aliphatic series for use as esterifying components are for example those with a 
maximum of 34 carbon atoms, which can be saturated or unsaturated and which can possibly also be 
substituted by other free functional or functionally modified groups, such as amino, hydroxy!, aidehydo, 
keto. mercapto. carboxy groups or by groups deriving from these, such as hydrocarbyl or dihydrocar- 

5 bylamino groups (here and hereafter meaning by the term "hydrocarbyr not only monovalent radicals of 
carbohydrates for example type C n Ha n .,'. but also bivalent or trivalent radicals, such as "alkylenes" C n H 2n 
or "alkylidenesA C«H 2ft ), ether or ester groups, acetal or ketal groups, thioether or thioester groups, and 
esterified carboxy groups or carbamidic and substituted carbamidic groups by one or two hydrocarbyl 
groups, by nitrile groups or halogens. Of the above groups containing hydrocarbyl radicals, these should 

10 preferably be inferior aliphatic radicals, such as aikylic. with a maximum of 6 carbon atoms. Such alcohols 
may then be interupted in the carbon atom chain by heteroatoms. such as atoms of oxygen, nitrogen and 
sulfur. 

It is preferable to choose alcohols substituted with one or two of the abovesaid functional groups. 
Alcohols of the above group to be preferred for the purposes of the present invention are those with a 

;s maximum of 12 and especially 6 carbon atoms and in which the hydrocarbyl radicals in the abovesaid 
amino, ether.ester, thioether. thioester, acetal. ketal groups represent alkyl groups with a maximum of 4 
carbon atoms, and atso in the esterified carboxy groups or substituted carbamidic groups or hydrocarbyl 
groups are aikyls with the same number of carbon atoms, and in which the amino or carbamidic groups 
may be alkylene amine or alkylene carbamidic groups with a maximum of 8 carbon atoms. Of these 

20 alcohols special mention should be given to those which are saturated and unsubstituted such as methyl, 
ethyl, propyl, isopropyl alcohols, n-butyl alcohol, isobutyl alcohol, tert-butyl alcohol, amyl alcohols, pentyi! 
hexyl, octyl, nonyl and dodecyl alcohols and above all those with a linear chain, such as n-octyl and n- 
dodecyl alcohols. Of the substitued alcohols of this group, the follwing should be mentioned: bivalent 
alcohols such as ethylene glycol, propylene glycol, butylene glycol, trivalent alcohols such as glycerin, 

25 aldehyde alcohols such as tartronic alcohol, carboxy alcohols such as lactic acids, for example glycolic 
acid, malic acid, tartaric acids, citric acid, aminoalcohols, such as aminoethanol. aminopropanol. n- 
aminopropanol. n-aminobutanoi and their dimethyl and diethyl derivatives in the amine function, choline, 
pyrrolidinylethanol. piperidinylethanol. piperazinylethanol and the corresponding derivatives of n-propyl or n- 
butyl alcohols, monothioethylenegiycol and its alkyl derivatives, for example the ethyl derivative in the 

30 mercapto function. 

Of the higher aliphatic saturated alcohols, the following should be given as examples: cetyl alcohol and 
myricyl alcohol, but of special importance for the purposes of the present invention are the higher 
unsaturated alcohols with one or two double bonds, such as expecially those contained in many essential 
oils and having affinity with terpenes. such as citronellol, geranioi. nerol. neroiidol. linalool, farnesoi. phytol. 

35 Of the lower unsaturated alcohols, the ones to be considered are allyl alcohol and propargyl alcohol. 

Of the araliphatic alcohols, special mention should be give to those with only one benzene residue and 
in which the aliphatic chain has a maximum of 4 carbon atoms and in which the benzene residue may be 
substituted by between 1 and 3 methyl or hydroxy groups or by halogen atoms, especially by chlorine, 
bromine, iodine, and in which the aliphatic chain may be substituted by one or more functions chosen from 

*o the groups comprising free amino groups or mono or dimethyl groups or by pyrrolidine or piperidine 
groups. Of these alcohols special mention should be given to benzyl alcohol and phenethyl alcohol. 

Alcohols of the cycloaiiphatic or aliphatic cycloaliphatic series may derive from mono or polycyclic 
carbohydrates, may preferably have a maximum of 34 carbon atoms, may be unsubstituted and may 
contain one or more substituents. such as those mentioned above for the aliphatic alcohols. Of the alcohols 

45 derived from single-ringed cyclic carbohydrates, special mention should be given to those with a maximum 
of 12 carbon atoms, the rings having preferably between 5 and 7 carbon atoms, which may be substituted 
for example by between one and three lower alkyl groups, such as methyl, ethyl, propyl, or isopropyl 
groups. As alcohols specific to this group, cyclohexanol. cyclohexanediol. 1.2.3 cyclohexanetriol and 1,3.5 
cyclohexanetriol (phloroglucitol), inositol, should be mentioned, as well as the alcohols deriving from p. 

so menthane. such as carvomenthol. menthol, a and 7 - terpineol. 1-terpinenol. 4-terpinenol and piperitol. or the 
mixture of these alcohols as "terpineol". 1,4-and 1.8-terpin. Of the alcohols deriving from carbohydrates 
with condensed rings, for example those of the thujane, pinane or camphane group, useful also are thujanol, 
sabinol. pinol hydrate. D and L-borneol and 0 and L-isoborneol. 

Aliphatic-cycloaliphatic polycyclic alcohols to be used for the esters of the present invention are sterols. 

55 cholic acids and steroids, such as the sexual hormones and their synthetic analogues, and in particular 
corticosteroids and their derivatives. Thus it is possible to use for example: cholesterol, dihydrocholesterol. 
epidihydrocholesterol. coprostanol. epicoprostanol, sitosterol, stigmasterol. ergosterol, cholic acid, deox- 
ycholic acid, lithocholic acid, estriol, estradiol, equilenin. equilin and their alkyl derivatives, as well as the 
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etMynyl or propynyl derivatives in position 17 in 

'0 Useful esterifvinn y«t.costerone. alfaxalone. alfadolone. 

w«iui estenrymg components for the esters «# 

O2 and O,. aneurine. lacto«avS£SSf^ Vent, ° n 3,8 vitamin alcohols such « " 9 ° 9en * n - saponin *- 
Heterocyclic alcohols ^-7S^^r b b e 0 T me ' ™™e*Tz£ aXer0Phm0 '- Vitam ' ns 

groups with alcohols «? i ? d P^^na'ides alone, without "12- 2 -P-suifanyianilinoethanol. 

The vehiclinr. «* . ^ " therapeutically active bases fnr , Properties of the 

addition /!2 • 3 drU9 w,th the n *» cross-linked \ ! sample those mentioned above 

parateiy packed and this galenic form is especially suitable 
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for topical use. Indeed such medicaments in solid fnrm 

solans which are more or .ess concentrated according I > ZZLTotZ * be ^ 

the same characterises as the solutions previously prepared^ S ZL pan,cu, * r epithelium and with 
present .nvention. Such solutions are preferably in distiHefl T T re f 5resem aspect of the 

contain preferably no other pharmaceutical vehicle. The cTncen^Zl JT 9 ph y sio,0 9 ica ' solutions and 
for example between 0.01 and 75%. both for the £ TeTJTl' ' theSe s °'"«ons may vary greatly. 
Preference should be given to solutions of a pronounced elastiT! I <= 0mponents tor their mixtures, 
from 10% to 100% of the medicament or of each oZelo TmnZT '° r examp,e c °<"*«"9 

Particulary important are medicaments of this Woe Ei, „ * 2 S ' 
as solutions, either concentrated or diluted in i o S *Z JS^J 01 " 1 (,ree «^^ Powder) or 
aux.l.ary substances, such as particularly disinfectants arrrl! ? * W ' th the addition of ad <*"ves or 
ophthalmic use. based on cross-iinked hyaluronic ST * ^ 3Ctina 35 buffer or others, for 

Among the medicaments of the tvoe desrrihon , 

Wysiologicany tolerable p H . Tt»„H may" m" s ,JI 'L^,?„ T * 68 >0B " e0 ' «** • 

o, «, «a «* „, „„ 0asic „ „ |a ^^^^»"'! "» W-ty of polysacchadoe. 

■tself. for examp.e intraocular injections JSTZS^J^?"* 0 ^ ** example hva '"onic acid 
new cross-linked products with regard to hylranidie « ^ L* ^ °' ^ greater stabi,itv °< the 
act.cn is greatly prolonged. The pharm«oS^v S^^?*™*' * ^ ' r9e add and ,0 ttle este "- * 
products of hyaluronic acid are preferably W JZZlfT? ^ ( ° eSteri, V sucfl cross-linked 
especial* saturated monovaient lc^J^J%£Z T** 7** 3 maximum 0f 8 ca *° n a tom S . 
alcohol or isobutyl alcohol. S ethan °'- prop y' a,c o no1 - isopropyl alcohol, and n-butyl 

of Zl r/sSd IT^sT^Tel^ IZ^ZZ C ° Smet '' C ^ °' *" 

for examp«e saturated or unsaturated aliphatic Sn5T?JST ^ erapeutic ^ inac «ve alcohols, such as 
a stra,ght or ramified chain, for example X bZTen 7 ^7 aiCOh °' S °' this kind «» 

above. Particularly intersting are also unsaved atcohoi. 1 at ° mS - SUCh 35 th ° Se ment, oned 

such as vinyl or allyl alcohols and their SndSJlf 5? !• P ' 6 With 0ne or more dodb,e bonds. 

Also useful are aliphatic alcohols .to^STS^TT^- °' P °' yVa ' ent a ' coho,s - sucn « 9'vcenne 
derivatives substituted by lo^ X^S Te^l°T Cyc,opentan * °< cyclohexane ^d their 
especially by methyl groups. PartLSnSjLS^^ W ' th betWe9 ° 1 and 4 cafb on atoms, 
cydoalipnatic alcohols derived from te%lnTsuc^ LT ^ c ^'^ — aliphatic- 
act,ve alcohols, and which are also use J,n cosmetics '° ned ^ ' r ° m thera Pe"tically 

^^^KT^r Pf0dUCt ? b3S * « - 'or the manufacture of 

above for use in cosmetics ^ * **** cro «-""^ products are preferably those mentioned 

use^op ^o.^ tended for topical use is particu.arly 

ep.thelium. and therefore also exc^ten t *Z2£ * the " ew products «« oorneal 

medicaments are administered TZ ZT« ^n«l? ? e " S,,i2ation Furthermore, when the 

-" solid form, it is possible to obtain TnVe cornea?^ I T 9,astic -scous characteristics or 

ootam. on the corneal ep.thel.um. homogenous and stable films which are 
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perfectly transparent and adherina «,h«.h „ 

therefore constitute excellent oSkii^ •£ Uaranta * Pr °' 0nged bi «vaWabilitv of th. * 

larly valuable in the vetenna^ Such oph^Vi^Jj ^J?** 

example, veterinary specials for ocu^ 

between 0*,% ^10% J TaZl ^ admi "^ered to man or anima, Th* 

1% and 100- . ° f act,ve "'"Ponent for the solutions snrZ. Z T ey conta,n P^erably 

DnJ- \ J d Preferably between 15% and 50- «# P yS ' 0,ntments and creams and between 

"«"iSS! KUSSS L- " « ar - — ,™™ ., 
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> with pharmacologically inactive alcohols, for examole one ot f ha ,„ 

previously. The cosmetic articles can however also contain groups esTerifiad""^ f^ 0 '* mentioned 
themselves a cosmetic action or an action which is auxiHary to the same such a,C ° h °' S WhiCh have 
substances, sunshields. waterproofing or regenerating or antiwrinkle s^n? eX3mp ' e disin,9Cta "t 

5 especially perfumes. Such substances may howeve ^Tbs^l 2? *' odori,erous '^stances.- 
charide. thus constituting cosmetic com P osUn7s£ ,£ to KenZlZZ*? ™* cross ^ ****** 
the pharmaceutical^ active component 1, is subsZ ted bv a cTm^^ ?? V '° US,y d6SCribed in wnich 
preparations of the present invention in the perfume^ndust^ re^sTnSTal T^ °' ** C ° SmettC 
since it allows slow, constant and protracted release of 2 ^oZVpZ^es " techni « ues - 

io An important object of the present invention is constih.teH k c,ples - 

manufacturing methods and by their use. Tn^^«T^^' 1,y - l and SUr9 ' C3 ' by their 

commercial* avai.able or described in .iterate Tilll JZZ^\TT * ^ ^ and 

inserts or ophthalmic lenses. example those w.th a hyaiuron.c aad base, for example 

,5 soluti^th^^ be obtained from appropriate 

and threads to be used in surged ^T U Z S^J*^ ^l™* ***** 
damage to this organ, such as burns or as suture thrsad ? n ! articles for the sk.n .n cases of serious 
these uses and a preparation procedure tar^i^^ r iU T7 - inV6nti ° n inC ' Udes P a ^ular.y 
crosslinked polysaccharide or of oneTf its saltsTn 2, T^*" 9 (a, forming a solution of the 

» thread form: and (c) removing the organic solvent ° S °' Vent: <b> ** SO,ution «heet or 

suita^or^ or of one of its salts is conducted in a 

acid, especially a dialky.amide or o an a!Sc acTw th Z£Z i t' T " " °' 3 Carb °* y 

alky, groups with between , and 6 cLbon torn < ^ ^ ^ d « Mn 0 

s, dialkylsulfoxide with alkyl groups with a ma^mum Q f'« - * " ° r9aniC su,foxide - is a " 

or diethylsulfoxide and also especal.y HuZate LZT T"*] ^ " eSpeda " y di ™th y .su.foxide 
hexafluoro-isopropanol. "uorurate solvent w.th a low boiling point, such as especially 

whicnTsTb^ -th another organic or apueous solvent 

> lower aliphatic alcohol, for exa^np e etM llSoMwe^ J? ■ P ° ysaCCharide ester is '"^e. especially a 
boiling point be used to prepare the S^o^SUESS:? T * ^ wWh 3 n " t0 ° ^ 
by dry spinning, that is with a gas current £de S ^l^*T Tf 9 ' ,n removina ™* same solvent 
can also be used with excellent resulSs es P*"ally w,th su.tably heated nitrogen. Ory-wet spinning 

can P-ducts with a hyaluronic acid base, which 

has the special advantage of being Seoradabte tc hlT ™* US9 of sucn 

existing enzymes. If cross-Hnkw ^ produS coml Y f ° "** ° rQanism - by means <* ^turally 
from among those deriving ^S^SiS^S^ TnT**" UMd ' ,h6Se Sh ° uld b * chose " 

•^S^^I^J^™*^ r«-- " * Po-b- - to include to 
threads, to improve their resistance TtJnlZ i t* mecnan,cal characteristics, such as in the case of 
acids, for example sodium s teLa,e *£S%'± « P ' as * c,2ers ma V b * example alkaline salts of fatty 
|jke oo.um stearate. esters of organ.c ac.ds with a high number of carbon atoms and the 

implantation of medicaments or microcansu^ 1 ? V T pre P ara,,on of capsules for subcutaneous 
route. Up till now. for thTtSiSSTK^L^'^ 9XamP ' e ^ Subcutaneous or '"tramuscular 
therefore a retard effect, capsu es madl 1?™™*°™ m ^.caments designed to give slow release and 
such capsules tend tc ^migra^ ^ShirTS ,1*1 T"" ^ bee " USed " wi,h ^"dvantage that 
new hy^uronic derivatives^ dan^r ta^iSj P ° SSibiHty " ^ ^ ^ "» 

•toinLSTSrSSS associa'ed'Sth" ° f miCr ° Capsu,es based <« cross-linked hyaluronic produos. 

explained 9 aoove ar ? Tpen n g T a ^ ^ T T "° W ^ ' imitated '° r me Same reasons as ^ 
desired. P 9 P 3 V3St f "* d of a PP"cat.on wherever a retard effect by injective route is 

those currently in use whSTare mlde of mlL? ? 33 P ^ diSCS ' SheetS ' and the ,ike lo re P ,ace 
se wn.cn are made of metal or synthetic plastic material, wherever these inserts are 


n 


. destined for removal after a certain period of time P™, 

by nature, often have unpleasant side effects uch a " anima ' c °''^ "ase. being Drote 
hyaluronic products, even though they are made of an,™ ^ °" °' fe,ection - "» the case of c ! ° 
not e^ist . there is no >™ mp L„^ hyaluronic ac^'d^ ' £ 

s Another application regards their use in increasL 25 * I a "° us animai * 
t>me now there has been an urgent call for safe ^d JT COrrect,n 9 de, ««s in the soft tissues- tor a 

m© aoove applications of the cro<?s.ii*i«^ « - 

"* many 0tt1er KindS ° f Ano^r^ ' ndUStry - ^ ma "^cture of 2^J? 

SEtS^'? Wat8f ' b8Cause " ^cMhey car;; P ;:^ r 0f « h ~ -oss-linKed products isTeJ 

"oortM » ° 15 ' ■ nd «* » si^rr"' ,nven,ion - possiw )' ««w 
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Example 1: 


Product description: 

« ^ C. 0.01 g (O.i m£q) of triethy (amine are added 


12 


to 


and the resulting solution is agitated for 30 minutes 

art H A HH 0,U T ? °-° 26 9 (0J mEq> °' ^^"""W Pyridinium iodide in 60 ml of OMSO is slowly 
added drop by drop over a t.me mterval of 1 hour and the mixture is kept for 15 hours at 30°C 

A solution formed by 100 ml of water and 2.5 gr of sodium chloride is then added and the resultina 
mixture ,s ther . poured slowly into 750 ml of acetone, maintaining continual agitation. A precipitate is formed 
wh, C h .s then filtered and washed three times with 100 ml of acetone/water 5:1 and three times wim Too ^i 
of acetone and lastly vacuum-dried for 24 hours at 30°. 

3 5 7 9 ? °l th9 comp0und are obtai "ed. Quantitative determination of the ester groups is carried out 
according to the saponification method described on Pp 169-172 of "Quantitative Organ* iSTjJ V* 
Functional Groups" 4th Edition John Wiley and Sons Publication. wrganic Anaiys.s Via 


Example 2: 


rs 


20 


PREPARATION OF CROSS-UNKED HYALURONIC ACID (HY) 


Product description: 


5% of carboxy groups used in internal esterification. 
95% of carboxy groups salified with sodium. 

6.21 g of HY tetrabutylammonium salt with a molecular weight of 85.000 corresponding to 10 mEc of a 
monomeric unit are solubilized in 248 ml of DMSO at 25'C 0 051 or ,n *m*n\ Z , P 
» and the resulting solution is agitated for 30 minutes 9 ' q) ° f tnethy,am,ne «• added 

"Jf; °' °- 128 9r < 0 - 5 mE "> of 2-chloro-l-methy. pyridinium iodide in 60 ml of DMSO is slowly 
added drop by drop over a t,me interval of 1 hour and the mixture is kept for IS hours at 30"C 

A so.u ion formed by 100 m, of water and 2.5 gr of sodium chloride is then added and the resulting 

3.95 grs of the title compound are obtained. Quantitative determination of the ester grouos is carried out 
accordmg to the saponification method described on dd 169-172 of "O^ntiLi!! n/J ! ^ ned out 
Functional Groups" 4th Edition John Wiley and Sons PubTcatfon Quant,tat,ve °' aa ™ ™V™ Via 


Example 3: 


PREPARATION OF CROSS-LINKED HYALURONIC ACID (HY) 


Product description: 

10% of carboxy groups used in internal esterification. 
90% of carboxy groups salified with sodium. 

m ™!' 21 9 ° f *1 Y tetrabut Y |amm °^™ salt with a molecular weight of 620.000 corresponding to 10 mEq of a 

^^iL^r^ ^ ml ° f DMS ° at 25 ° C - °- 101 * mE <> oMnethyll, e^s a'ddld 
and the resulting solution is agitated for 30 minutes 

addeVdl^drnn? 5 * ? * ^ °' 2 < hl ° r °-1-™thyl- P yridinium iodide in 60 ml of OMSO is slow.y 
added drop by drop over a time mterval of 1 hour and the mixture is kept for 1 5 hours at WC. 

mixtur^l T n 1 ? 100 m ' ° f Wat9r 2 5 9 r of sodium cn,orid e then added and the resulting 
ZT,s Ver U,ZZ ^T*!:* 750 m ' °' aCet ° ne - maintainin 3 continua ' ^on. A precipitate is fo^mS 
Tc^ne ^«vT a r T *?. th T timSS in 100 m ' °' a «"° n «-*er 5:1 and three times with 100 ml of 
acetone and lastly vacuum-dried for 24 hours at 30°. 

acc^aVLT*™* C ° mpound ara obtained. Quantitative determination of the ester groups is carried out 

^^t^Sl^.T'T deSCribed °" PP ,69 -' 72 " " Qua "titative Organic Analysis Via 
functional Groups 4th Edition John Wiley and Sons Publication. 
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' Example 4: 


to 


rs 


20 


£2SE£2£I!2£! CROSS-LINKED HYALURONIC ACID (HY) 
Product description: 

5- a!? 1 '! 0 ** 9rOUPS U5ed in int8rnal aerification. 

I,, „ !^ 0Xy 9r ° UpS sa,ified with s °dium. 

o.^i g of HY tetrabutylammonium salt with a m„i— ■ 

™Z7 Unit , - S °' Ubi,i29d 248 ^o^StS^oS? Ss 70 f° -^nd'HQ ^ 10 mEo. of a 
A stta" To" 15 39itated f ° r 30 m ' nutes - ' ° f triethy,amine are added and 

added Sop™ d!op oferVt^e Tnfe^'oM hour'and^' PyridiniUm i0dide 60 ™< of OMSO is s.owiv 
A so,ution formed by ,00 ml o, water and 2 Hr ,, " T" * for 15 hours * M-C " 
m.xture .s then poured slowly i nt0 750 ml of 9 S ° d ' Um Ch,0rid9 is ^ added and th» « „• 

which is then filtered and ^^Z^'?^" eontau - A ^ec^taTe is formed 

aSr' 'V? — ^ ^ 24 hours a : 30 o m ' °' *' and three Ame"** 

SSV"- ^ - ester groups is carried out 

Functional Groups" 4th Edition John Wiley and Sons Publication ' Q ™«**™ Organic Analysis Via ' 


25 Example 5; 


^^ATICJMOFCRO^^ 

Product description: 


30 


3S 


4Q 


45 


lo°Z of 9r ° UPS US9d in internal esterification 

I21 , nf ?v !! V 9r ° UpS Sa,ified with ^ium. 

6.21 g of HY tetrabutylammonium salt with a m „, ■ 
monomeric unit are so.ubi.ized in 248 mf of OMSO^? 1 2""' ?' 8S -°° 0 "-ponding to 10 mEq of a 
«he resulting solution is agitated for 30 minutes " 506 9 (M mEq > of ^^Vamine are added and 

=5-- 'SSP^^^'^ " - 


Example 6: 


50 


^f^ATIONOFCRO^^ 

ss Product description: 

££ o!d^°v y 9r ° UPS US6d in internal esterification. 
25 of carboxy groups salified with sodium. 
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6.21 g of HY tetrabutylammonium salt with a molecular weioht of 170 nnn 
monomenc unit are solubilized in 248 ml of OMSO at 25' 0 7sl n n I f COrre *Ponding to 10 mEq of a 
the resulting solution is agitated for 30 minutes ' P) °' tnetn y'amine is added and 

. «, - DM so , 

A solution formed by 100 ml of water and 2 s ar Q , h 0urs at 30 ° C - 

mixture is then poured slowly into 750 ml of acetone mSnSnT^tT^ * 3dded and ,he resu,tin 9 
wh,ch is then filtered and washed three times in 100 mi V^lTZ% TT"' * PredPi,ate is formed 
acetone and lastly vacuum-dried for 24 hours at 30" ac »» n «^»ter 5.1 and three times with 100 ml of 

Funcaonal Groues- 4m Ealuon Jo „„ „ d S on, pXafen 0ua "Wa«». Organic Analysis via 


f5 Example 7: 
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PREPARATION OF CROSS-LINKED HYALUPOMT ^ ^ 
Product description: 

™""?»" 9"""" ««« i" >™«mal MKWcUon. 
the resulting solution is agitated for 30 minutes ' 9 { q) ° f tnetn y ,a ™ne are added and 

The resulting mixture is slowly ooured in to 7«£ , P ° UrS at 30 C - 

f^^awp.-4m MUa ,j ohnwltt ,^^ I 'J^» i ^'" « -O-Mttdv. Organic Analysis via 

Example 8: 


so 
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Product description: 

the solution is kept for 12 hours at 30" 0 253 a » « , , . 9 ( mEq) 0f ethyl iodide are add ^ and 
agitated for 30 minutes. ' 9 (2 ' 5 mEq) of ^ethylamine are added and the solution is 

PVridinium iodide in 60 ml of 0MSO is slowly 
A solution formed by 100 J o "witer and *7L » ' S ^ '° r 15 h0UrS at 30 ° C - 

mixture is slowly poured into 7X a^J^"l!?™ Ch '° ride is ,he " «*- and the resulting 
which is then filtered and washed ^ J^mZT^T^ * Pr9Cipitate is ,ormed 

acetone and lastly vacuum-dried for 2 7hoTrs at 3 0 «> acetone/w ater 5:1 and three times with 100 ml of 

out 3 £jz°\?^zr:, d *:: < ^^tzt^^ ot »• ^ * ^ 

•n. cundiff and P.C. Markunas (Anal. Cheml 33. 1028-1930 (1961). 

i * 
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Quantitative determination of the total ester groups is carried out accordina to « . 


and Sons Publication. 
Example 9 


PREPARATION OF THE PARTIAL ETHYL ESTEH OF CROSS-LINKED HYALURONIC ACIO (HY) 
Product description: 

50% of carboxy groups esterified with ethanol; 25% of carboxy groups used in intomai — t 
25% of carboxy groups saiified with sodium temal ester,f,c *'°n. 

srr i s£ ' 2 - °- 2 " ' (2 -= « ~- -^s zsrs 

addsV^nT ? °' 539 9 (2 ' 5 mEq) °' ^"-^ethyl pyridin.um iodide in 60 ml of DMSO is slowiv 

acetone and lastly vacuum-dried for 24 hours at 30°. 0 

n.„ ™ 9 j? °V the j it,e com PO«"d are obtained. Quantitative determination of the ethoxy groups is carried 
out accordmg to the method of R.H. Cundiff and P.C. Markunas (Ana.. Chem. 33 102*1930 uSn 

ao anr So ns P^Ucatlon 2 ^ 0rg3n ' C ^ Rmcaon * Gf °^ S " 4th Edi «°" Wiley 

Example 10: 
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PREPARATION OF THE ETHYL ESTER OF CROSS-LINKED HYAUJRONIC Agin ^ 

Product description: 

«7 fo^SrSTT eSterified W ' th e,han °' : 25% ° f Cafb0Xy 9r ° UPS USed in in,e ™' esterification. 
m™ . tetrabutyiammon.um salt with a molecular weight of 170.000 corresponding to 10 mEa of a 

monomenc unit are solubilized in 248 ml of DMSO at 25" n7 „ r i7s m ^ „7 ?J . , • ° "? q 
the solution is kept for 12 hours at 30°. ' 9 ' 5 EQ) °' 6thy ' ' 0C " d9 are added and 

A 2 S oltton 5 0 f m n E ^Q 0f '^n' 31 ™ 6 are added solution is agitated for 30 minutes. 

■ddit^vZoaf^'f Q) °' 2 - Ch,oro - 1 - meth y | Pallium iodide in 60 ml of DMSO is slowly 
added drop by drop over a t.me .nterval of 1 hour and the mixture is kept for 1 5 hours at 30°C. 

predate is TLT^IX rT*Z ^ ?5 ° m ' °' 3C8t0ne - ™«™<"9 continual agitation. A 
tor 2 rSii lt z7 W3Shed ^ timeS With 100 ml 0f aC8tone and lastl V vacuum-dried 

to to*mZ£*Zt T»°r P °T ^ °n^ ne<j - De,erminati °" of the ethoxy groups is carried out according 
^te^min^on of tm a , "* ^ < M Ch9nV 33 ' '028-1930 (1961). Quantitative 

t^S^Tf'S^Tr 9 ^ 9r ° UPS 15 Carri6d ° Ut aCC ° rding t0 th ° "P°«on method described on 
Pubicftion Quant,ta,lv8 0raan, = Analysis Via Functional Groups' 4th Edition John Wiley and Sons 
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' Example 11: 


PREPARATION OF CROSS-LINKED ALGINIC ACID 


Product description: 


\ 7 a 7t £l g , P J , ? J. 3 9Stenf,cation - of carboxy groups salified with sodium. 

4.17 g of alg.n.c acid tetrabutylammon.um salt (from alginic acid obtained from Laminaria hyperborea) 
correspondmg to 10 mEq of a monomeric unit are solubi.ized in 248 m, of DMSO at a^o7E«?S7S22 
of U,ethy.am,ne are added and the resulting solution is agitated for 30 minutes. A solution of 0 026 g (0 
mEq) of 2 <hioro-1-methy. pyridinium iodide in 60 mi of DMSO is slowly added drop by drop over a time 
interval of 1 hour and the mixture is kept for 15 hours at 30°C 

A solution formed by 100 ml of water and 2.5 gr of sodium chloride is then added and the resultina 
mixture -s then poured slowly into 750 m. of acetone, maintaining continual agitation. A predate is forrn^ 
wh.ch ,s then Altered and washed three times in ,00 ml of acetone.water 5:1 and three Smes with 00 m^ 
acetone and lastly vacuum-dried for 24 hours at 30°. 0 ' of 

1h° Q l S °' atle COmpound are obtained. Quantitative determination of the total ester arouos .s 
earned out accora.ng to the saponification method described on do 169-172 of "o l! ! « 
Analysis Via Functional Groups" 4th Edition John Wi.ey and Sons PubNcaion Qua ™ a <"* Organ* 


Example 12: 

PREPARATION OF CROSS-LINKED ALGINIC ACID 


Product description: 


5% of carboxy groups used in internal esterification. 
95% of carboxy groups salified with sodium. 

corre^ondinalo^o'm^ ^ bu * ,am ™ nium sa « <'™ iQMc acid obtained from Areophy.lum modosum, 
corresponding to 10 mEq of a monomeric unit are solubilized in 248 ml of DMSO at 25" 0 051 mns m =„ 
of tnethylamine are added and the solution is agitated for 30 minutes ' 9 Q> 

addeV^T ? 0 " 128 9 ( °' 5 mEP) °' 2 - ch,0f0 - 1 -'"«tny' Pyridinium iodide in 60 ml of OMSO is slowly 
added drop by drop over a t,me interval of 1 hour and the-m.xture is kept for 15 hours at 30°C 

mi,t, J 0 !"*" t ^ 100 m ' °' W3ter and 2 - 5 Qr of sodium cnlorid e is then added and the resultina 
ST. l^t^JF?!^? 0 m ' °' aCet0n8 " maimaininQ C ° ntinual aaitati0 "- A P^ip.tate is formed 
«a»ne < znl .« ? 1 ! " t,m ° S ,0 ° m ' °' a «"™'-a«er 5:1 and three times with 100 ml of 

acetone and lastly vacuum-dned for 24 hours at 30°. 

carried 9l or a cL^nrr rt C r POUnd r ° bta,neCl - Quamitative determination of the total ester groups is 

" a ^ n ^ Cati0n mem ° d deSCnb8d ° n PP 169 -' 72 of "Quantitative Organ,c 
Analysis Via Functional Groups" 4th Edition John Wiley and Sons Publication. 


Example 13: 


PREPARATION OF CROSS--'. INKED ALGINIC ACID 


Product description: 


10% of carboxy groups used in internal esterification. 
90% of carboxy groups salified with sodium. 

4.17 gr of alginic acid tetrabutylammonium salt (from alginic acid obtained from Macrocystis pyrifera) 

> 
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corresponding to 10 m£q of a monomeric unit are solubilized in 248 ml of DMSO at 25° 0 101 a (0 5 mFm 
of tnethylamine are added and the resulting solution is agitated for 30 minutes. 

A solution of 0.255 g (1.0 mEq) of 2-chloro-l -methyl pyridin.um iodide in 60 ml of OMSO is slowiv 
added drop by drop over a time interval of 1 hour and the mixture is kept for 15 hours at 30°C 

A solution formed by 100 ml of water and 2.5 gr of sodium chloride is then added and the resultinn 
mixture is then poured slowly into 750 ml of acetone, maintaining continual agitation. A precipitate is formed 
wh,ch is then filtered and washed three times in 100 ml of acetone/water 5:1 and three times with 100 ml of 
acetone and lastly vacuum-dried for 24 hours at 30°. 

1.90 grs of the title compound are obtained. Quantitative determination of the este/qroups is carried out 
accord.ng to the saponification method described on pp 169-172 of "Quantitative Oman* Analysis Via 
Functional Groups" 4th Edition John Wiley and Sons Publication «»*iysis via 


Example 14: 


PREPARATION OF CROSS-LINKED ALGINIC ACID 


Product description: 

25% of carboxy groups used in internal esterification. 
75% of carboxy groups salified with sodium. 

car r e V D L 9 ri °!, a ' 9i ?n C T t « Mbut y , « mm °"iu'" salt (from a .gin,c acid obtained from Laminaria hyperborea) 
corresponding to 10 mEq of a monomeric unit are solubilized in 248 ml of DMSO at 25° 0 253 or (2 5 mEa 
of tnethylamine are added and the resulting solution is agitated for 30 minutes 

aHrt V ri ° IU,i0 " °' °- 639 9 < 2 S me "> of 2-Chloro-l-methyl pyridinium iodide in 60 ml of OMSO is slowly 
added drop by drop over a time interval of 1 hour and the mixture is kept for 1 5 hours at 30"C 

A solution formed by 100 ml of water and 2.S gr of sodium chloride is then added and the resulting 

ZTJIT T* int ° 750 m ' °' aCet ° ne - main,3inin9 COntinual Won. A precipitate is formed 
Tcetone indlff Tf, T 1 °° °' aceto "*-ater 5:1 and three times with 100 m, of 

acetone and lastly vacuum-dried for 24 hours at 30°. 

^rtnnZV** lit ' e C ° mpound are obtained - Quantitative determination of the ester groups is carried out 
according to the saponification method described on pp ,69-172 of "Quantitative Organic Analysis Via 
Functional Groups" 4th Edition John Wiley and Sons Publication 


Example 15: 


PREPARATION OF CROSS-LINKED ALGINIC ACID 


Product description: 

50% of carboxy groups used in internal esterification. 
50% of carboxy groups salified with sodium. 

4.17 gr of alginic acid tetrabutylammonium salt (from alginic acid obtained from Macrocystis pyrifera) 
corresponding to 10 mEq of a monomeric unit are solubilized in 248 ml of DMSO at 25° 0.506 gr (5 0 mEq) 
of tnethylamine are added and the resulting solution is agitated for 30 minutes. 

A solution of 1.280 gr (5 mEq) of 2-chloro-l -methyl pyridinium iodide in 60 ml of DMSO is slowly added 
drop by drop over a time interval of 1 hour and the mixture is kept for 1 5 hours at 30°C 

A solution formed by 100 ml of water and 2.5 gr of sodium chloride is then added and the resulting 
mixture is then poured slowly into 750 ml of acetone, maintaining continual agitation. A precipitate is formed 
wruch is then filtered and washed three times in 100 ml of acetone/water 5:1 and three times with 100 ml of 
acetone and finally vacuum-dried for 24 hours 30°. 

1.72 grs of the title compound are obtained. Quantitative determination of the ester groups is carried out 
accord.ng to the saponification method described on pp 169-172 of "Quantitative Organic Analysis via 

t 

t8 


Functional Groups" 4th Edition John Wiley and Sons Publication. 
Example 16: 

5 

PREPARATION OF CROSS-LINKED ALGlNIC ACID 


to Product description: 

75% of carboxy groups used in internal esterification. 
25% of carboxy groups salified with sodium. 

4.17 gr of alginic acid tetrabutylammonium salt (from alginic acid obtained from Areophyllum nodosum) 
is corresponding to 10 mEq of a monomeric unit are solubilized in 248 ml of DMSO at 25°, 0.759 g {7.5 mEq) 
of triethylamine are added and the resulting solution is agitated for 30 minutes. 

A solution of 1.932 g (7.5 mEq) of 2-chloro-l -methyl pyrtdinium iodide in 60 ml of OMSO is slowly 
added drop by drop over a time interval of 1 hour and the mixture is kept for 1 5 hours at 30°C. 

A solution formed by 100 ml of water and 2.5 gr of sodium chloride is then added and the resulting 
20 mixture is then poured slowly into 750 ml. of acetone, maintaining continual agitation. A precipitate is formed 
which is then filtered and washed three times with 100 mi of acetone/water 5:1 and three times with 100 ml 
of acetone and lastly vacuum-dried for 24 hours at 30°. 

1.59 grs of the title compound are obtained. Quantitative determination of the ester groups is carried out 
according to the saponification method described on pp 169-172 of "Quantitative Organic Analysis Via 
25 Functional Groups'* 4th Edition John Wiley and Sons Publication. 


Example 17: 


30 

PREPARATION OF CROSS-UNKED ALGINIC ACID 


Product description: 

100% of carboxy groups used in internal esterification. 

4.17 g of alginic acid tetrabutylammonium salt (from alginic acid obtained from laminaria hyperborea) 
corresponding to 10 mEq of a monomeric unit are solubilized in 248 ml of DMSO at 25°. 1.012 g (10 mEq) 
of triethylamine are added and the resulting solution +6 agitated for 30 minutes. 

A solution of 2.55 gr (10 mEq) of 2-chloro-1 -methyl pyridinium iodide in 60 ml of OMSO is slowly added 
drop by drop over a time interval of 1 hour and the mixture is kept for 15 hours at 30°C. 

The resulting mixture is slowly poured into 750 ml of acetone, maintaining continual agitation. A 
precipitate is formed which is then filtered and washed five times with 100 ml of acetone and lastly vacuum- 
dried for 24 hours at 30°. 

1.52 grs of the title compound are obtained. Quantitative determination of the ester groups is carried out 
according to the saponification method described on pp 169-172 of "Quantitative Organic Analysis Via 
Functional Groups" 4th Edition John Wiley and Sons Publication. 


so Example 18: 


PREPARATION OF THE PARTIAL ETHYL ESTER OF CROSS-LINKED ALGINIC ACID 

55 

Product description: 


25% of carboxy groups esterified with ethanol. 


19 


70 


fS 


25 


30 


25% of carboxy groups used in internal estenfication. 
50% of carboxy groups salified with sodium. 

d 17 nr A f ,1-.:-; : 


417 gr of alginic acid tetrabutylammonium salt (from alginic acid obtains , 
corresponding to 10 mEq of a monomeric unit are so.ubilized in 248 m I o o^Jn ?* a CQh Y" u ™ .nodosum) 
of ethy. iodide are added and the solution is Kept for 12 h^ atU 0 253 ^ V' 390 9 ' <2 S mEq > 
are added, and the solution is agitated for 30 minutes ' Qf ( mEq) of w «»y«amine 

--^^^ - - OMSO is slowly 

A solution formed by 100 ml of water and 2.5 gr of ToSm chtoSI V,h " ^ 
mixture is then poured s.ow.y into 750 m. of acetone^ e ^ndeTconsSt ZiZ??" ^ *• reSU ' tin9 
wh, C h ,s then filtered and washed three times with 100 ml of mL^SZTTS'^ Pn ? IKMm . ia formed 
of acetone and lastly vacuum-dried for 24 hours at 30°. «-««°"*'water 5.1 and three omes with 100 ml 

1.8 grs of the title compound are obtained. Quantitative determiner,,, „ f * 
out according to the method of R.H. Cundiff and pTZ%Z£T2Z Ch ^ 9f ° UPS iS 
Quantitative determination of the total ester grouos is czrlTnT ! ^ ,028 -' 93 ° H961). 

described on PP ,69-172 of -Quantitative OrS^c AnLsTs t? a p ^ '° the sa P°«'fication method 
and Sons Publication. 9 C Ana ' yS,S Via F "™™* Groups" 4th Edition John Wiley 


20 Example 19: 


—^-^^^-2^1 SE. ZHH ^^RTIAL ETHYL ESTER OF CROSS-LINKED ALGINIC ACIO 

Product description: 

50% of carboxy groups esterified with ethanol. 
25% of carboxy groups used in internal estenfication 
25 /• of carboxy groups salified with sodium 

coupon 3 *" 7™ ^ ZTrZZZSZ,'*' "TT.^* °°' ai " M *»" ^™«* »YPe«=o, ea , 

added and the solution i s agitated for 30 minutes ' 9 ( q) 0f tnett »y'""«ne are 

--s^^^ - - -so is s ,ow ly 

m^re islTn £S So^SSi^ ^ «. 

which is then filtered and wasned three"™ ^ wiS foo mToT'" 9 COminUal a ° ,tal,0n - A PrSCiDitate is forme < 
of acetone and .astly vacuum-dried for 24 hours Z 3 0 o ' scetone ' w ^ 5:1 and three times with 100 ml 

out i^^nTnSsrr^ ° c ^r aSTrj r rminat,on ° f me w — 

Quantitative determination of the total' ester ZJ^t > ^ (A " al - Ch6m - 33 " ,02 8-'030 (1961). 

described on pp ,69-172 of -Qw^l nrZ UqS ' S , czrne,S out according to theTaponification method 
and Sons Publication. U 9aP ' C Ana ' yS ' S ^ Fun ^°"a< Groups" 4th Ed ition John Wiley 


Example 20: 

Product description: 

75% of carboxy groups esterified with ethanol 

25% of carboxy grou P s used in internal estenfication. 

9 Of a.g,nic acid tetrabuty.ammon.um salt (from alginic acid obtained from macrocystis pyrifera, 


20 


10 


corresponding to 10 mEq of a monomeric unit are solubilized in 248 ml of OMSO « w , ,, e = 

of ethyl iodide are added and the solution is kept for 12 hours at 30° 0 « = Qr ( q) 

are added and the solution is agitated for 30 minutes. 9 (2 S meq) of tr,etn y'amine 

A solution of 0.639 g (2.5 mEq) of 2-chloro-1 -methyl pyridinium iodide in en mi «* n M e« , 
added drop by drop over a time interval of 1 hour and themSture is kept for 1 S i hour Tat J? " " 

The resulting mixture is slowly poured into 750 ml of acetone ma i„ t9iw . 
precise is formed which is then fi.tered and washed ^T^Z^m'SI o^el^LC 
vacuum-dried for 24 hours at 30°. acetone and lastly 

1.86 grs of the title compound are obtained. Quantitative determination nf th* 
ou, according to the method of R.H. Cundiff and P.O. uf!^™%Z^^^^ 
Quantitative determination of the total ester groups is carried out accordino to th-^n , 


f5 


20 


Example 21 : 

PREPARATION OF CROSS-LINKED CARBOXYMETHYLCHITIN 

Product description: 

1% of carboxy groups used in internal esterification. 
25 99% of carboxy groups salified with sodium. 


00 


os 


40 


containing ,5m. of sulfonic resin (Dowex 50 x 8) in the form of tetrabuty.ammon.um 9 * 

respondino\o ,rmE e a ,r S U ^ m ° niUm °' * carb ° x y-ethy.chitin with a 0.99 substitution ratio cor- 
responding to 10 mEq of carboxy groups are solubilized in 248 ml of OMSO at 25°C 0 01 a to i mFnZ, 
tnethylamme are added and the resulting solution ,s ag.tated for 30 minutes ° Q> 

*h.ch .s then filtered and washed three times with 100 ml of acetone, water 5 i and three times with O^mi 
of acetone and finally vacuum dried for 24 hours at 30°. 

arrrf^L 9 ? V** Compound afe obtained. Quantitative determination of the ester groups is carried out 

according to the saponification method described on op 169-172 of -n„ S n tl)J Tn 

Functional Groups" 4th Edition John Wiley and Sons PubTcatfon °<9*™ Ana.ys.s Via 


<*5 


Example 22: 

PREPARATION OF CROSS-LINKED CARBOXYMETHYLCHITIN 
so Product description: 


5% of carboxy groups used in internal esterification. 
95% of carboxy groups salified with sodium. 

responding to TJZTlt^™™™ * * "^V™^™" with a 0.99 substitution ratio cor- 
espona.ng to 10 mEq of carboxy groups are solubilized in 248 ml of OMSO at 25°C O0S1 a (0 * rnEa) of 
tnethy.am.ne are added and the resulting so.ution is agitated for 30 minutes. 9 Q> 

added drop'bv t.V^ 9 ?' 5 ° f 2 - ch,0f °-^^ PVrtdinium .odide in 60 ml of OMSO is slowly 

added drop by drop over a time interval of I hour and the mixture is kept for 15 hours at 30°C 


21 


A solution formed by 100 mi of water and 2 s nr nt 

™xture is then poured slowly in , 0 750 ml of ace-ohinl ?, Cftl0nde is the " ^ded and the res, r 
ormed which * th8 n fi.tered and — ag.tation. 

100 m. of acetone and ,astly vacuum-dried for 24 hours U 3o ? ° 5:, and three i!, 

2.74 grs of the title compound are obtains* n.,=„. . 

functional a,ou D5 - 4m Edition John Wn.y ,„„ So „ s Pub° c a„ 0 n Qua "»«" Organ.c Ana.ysi, v,, 


'0 Example 23: 


ts 


20 


25 


30 


PREPARATION OF CROSS-LINKED CARSOXYMETHYLPHITim 

Product description: 

80 of carboxy groups saiified with sodium 

g of the tetrabutyiammonium salt of a r*r* n 
Responding to ,0 mEo. of carboxy 9W. n ^^Z7£TT n ^ n * °" S ^™°» -io cor- 

s ofts ^? m "sr?sr s at 25 ° c - o, ° 1 9 <' 0 - 

added drop by drop over a time internal ^^21^™ '° dide ' n 60 ml °' °^>SO is s.ow.y 
A solution formed by ,00 ml of water and 2 5 Qr if * * '* " SPt '° f ' 5 hours at 3°°C- * 
>* then poured slowly into 750 ml of acetone mia Ch ' 0ride * 3dded and tn * ^suiting mixture 

« «nen filtered and washed three times w"th w To^Z™™* aQ ' tat, ° n - * PreCip,tate 'ormed S 
acetone and lastly vacuum-dned for 24 hours at 30° acMon * w «" *i and three times with ,00 ml of 

^p e ^~^~^T^T::v f ~ ~- * — out 

Funct.onal Groups" 4,h Edition John Wiley and Sons Publfcatfon G ^nt,tative Organ.c Analys.s Via 

Example 24: 

f^^AJJON Of CRQ^JNKED CARSOXYMETHYLCHitini 

Product description: 

o!cirh b r y 9r ° UpS USSd in ,merna ' Verification. 
75 of carboxy groups salified w.th sodium. 

5.05 gr of the tetrabutyiammonium salt of a 
responding to ,0 mE q of carboxy groups are tutZT^T^ * °" «"»«"tion ratio ccr- 
enethylamine are added and the ^£££Tj^ ?£ °- ° MS ° " ^ 0 253 ar ^ "6 "of 

A solution of 0 639 or (2 5 mf=r>\ * ™ luuon IS *9'tated for 30 minutes. 

added drop by drop over a time inte^of T^TlnaT' 60 ml of ™SO ,s s,ow, v 

A solution formed by ,00 ml of water and ? , . '* * ept for 15 hours « 30°C. * 

mixture ,s then poured slowiy into 750 Tof acetone iS ,hen added an * the resulting 

wn^h tnen filtered and ^^J^^™^™^ ag„ation. A precip.tate is formed 

of acetone and lastly vacuum-dried for 24 hours at 30= acet0 ^-ater 5:, and three times with ,00 m, 

-cording 9 ^ of the ester groups „ ^ 

a 'G-ups»4 t h Edition Johnv^. y ^S.°P^!LS: ,7a °' Org** Analysis "a 


Example 25: 
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PREPARATION OF CROSS-LINKED CARBOXYMETHYLCHITIN 


Product description: 

50% of carboxy groups used in internal esteriflcation. 
50% of carboxy groups salified with sodium. 

5.05 g of the tetrabutylammonium salt of a carboxymethylchitin with a 0.99 substitution ratio cor- 
responding to 10 mEq of carboxy groups, are solubiiized in 248 ml of OMSO at 25°C. 0.506 gr (5.0 mEq) of 
triethylamine are added and the resulting solution is agitated for 30 minutes. 

A solution of 1.28 gr (5.0 mEq) of 2-chloro-l -methyl pyridinium iodide in 60 ml of OMSO is slowly 
added drop by drop over a time interval of 1 hour and the mixture is kept for 15 hours at 30°C 

A solution formed by 100 ml of water and 2.5 gr of sodium chloride is then added and the resulting 
mixture is then poured slowly into 750 ml of acetone, maintaining continual agitation. A precipitate is formed 
which <s then filtered and washed three Times with 100 ml of acetone/water 5:1 and three times with 100 ml 
of acetone and lastly vacuum-dried for 24 hours at 30°. 

2.61 grs of the title compound are obtained. Quantitative determination of the ester groups is carried out 
according to the saponification method described on pp 169-172 of "Quantitative Organic Analysts Via 
Functional Groups" 4th Edition John Wiley and Sons Publication. 


Example 26: 


PREPARATION OF CROSS-LINKED CARBOXYMETHYLCHITIN 


Product description: 

75% of carboxy groups used in internal esterification. 
25% of carboxy groups salified with sodium. 

5.05 g of the tetrabutylammonium salt of a carboxymethylchitin with a 0.99 substitution ratio cor- 
responding to 10 mEq of carboxy groups, are solubiiized in 248 ml of OMSO at 25'C. 0.759 gr 7.5 mEq) of 
triethylamine are added and the resulting solution is agitated for 30 minutes. 

A solution of 1.932 gr (7.5 mEq) of 2-chloro-1 -methyl pyridinium iodide in 60 ml of DMSO is slowly 
added drop by drop over a time interval of 1 hour and the mixture is kept for 15 hours at 30°C 

A solution formed by 100 ml of water and 2.5 gr of sodium chloride is then added and the resulting 
mixture .s then poured slowly into 750 ml of acetone, maintaining continual agitation. A orecipitate is formed 
wh,ch ,s then filtered and washed three times with 100 mi of acetone/water 5:1 and three times with 100 ml 
of acetone and lastly vacuum-dried for 24 hours at 30°. 

2.52 grs of the title compound are obtained. Quantitative determination of the ester arouos is earned out 
according to the saponification method described on pp 169-172 of "Quantitative Organic Analysis Via 
Functional Groups" 4th Edition John Wiley and Sons Publication. 

Example 27: 


PREPARATION OF CROSS-LINKED CARBOXYMETHYLCHITIN 


Product description: 

100% of carboxy groups used in internal esterification. 

5.05 gr of the tetrabutylammonium salt of a carboxymethylchitin with a 0.99 substitution ratio cor- 
responding to 10 mEq of carboxy groups, are solubiiized in 248 ml of DMSO at 25°C. 1.01 gr (10 mEq) of 
triethylamine are added and the resulting solution is agitated for 30 minutes. 

A solution of 2.55 gr (10 mEq) of 2-chloro-l -methyl pyridinium iodide (10 mEq) in 60 ml of DMSO is 


23 


slowly added drop by drop over a time interval of 1 hour and the mixture is kept for 15 hours at 30°C. 

The resulting mixture is slowly poured into 750 ml of acetone, maintaining continual agitation. A 
precipitate is formed which is then filtered and washed five times with 100 ml of acetone and lastly vacuum- 
dried for 24 hours at 30°. 

5 2.42 grs of the title compound are obtained. Quantitative determination of the ester groups is carried out 

according to the saponification method described on pp 169-172 of "Quantitative Organic Analysis Via 
Functional Groups" 4th Edition John Wiley and Sons Publication. 

10 Example 28: 


rs 


4Q 


45 


SO 


55 


PREPARATION OF THE ETHYL ESTER OF CROSS-LINKED CARBOXYMETHYLCHITIN 


Product description: 


25% of carboxy groups esterified with ethanol. 
25% of carboxy groups used in internal esterification. 
20 25% of carboxy groups salified with sodium. 

5.05 gr of the tetrabutylammonium salt of a carboxymethylchitin with a 0.99 substitution ratio cor- 
responding to 10 mEq of carboxy groups, are soiubilized in 248 ml of OMSO at 25°C. 0.39 gr (2.50 mEq) of 
ethyl iodide are added and the solution is kept for 12 hours at 30°. 0.253 gr (2.5 mEq) of triethylamine are 
added and the solution is agitated for 30 minutes. 
25 A solution of 0.639 gr (2.5 mEq) of 2-chioro-1 -methyl pyridinium iodide (10 mEq) in 60 ml of OMSO is 
slowly added drop by drop over a time interval of 1 hour and the mixture is kept for 15 hours at 30°C. 

A solution formed by 100 ml of water and 2.5 gr of sodium chloride is then added and the resulting 
mixture is then poured slowly into 750 ml of acetone while under constant agitation. The resulting mixture is 
slowly poured into 750 ml of acetone, maintaining continual agitation. A precipitate is formed which is then 
30 filtered and washed five times with 100 ml of acetone and lastly vacuum-dried for 24 hours at 30°. 

2.69 grs of the title compound are obtained. Quantitative determination of the ethoxy groups is carried 
out according to the method of R.H. Cundiff and P.C. Markunas (Anal. Chem. 33. 1028-1030 (1961). 
Quantitative determination of the total ester groups is carried out according to the "saponification method 
described on pp 169-172 of "Quantitative Organic Analysis Via Functional Groups" 4th Edition John Wiley 
35 and Sons Publication. 

Example 29: 

PREPARATION OF THE ETHYL ESTER OF CROSS-LINKED CARBOXYMETHYLCHITIN 


Product description: 

50% of carboxy groups esterified with ethanol. 

25% of carboxy groups used in internal esterification. 

25% of carboxy groups salified with sodium. 5.05 gr of the tetrabutylammonium salt of a carbox- 
ymethylchitin with a 0.99 substitution ratio corresponding to 10 mEq of carboxy groups, are soiubilized in 
248 ml of DMSO at 25°C. 0.78 gr (5.0 mEq) of ethyl iodide are added and the solution is kept for 12 hours 
at 30°. 0.253 gr (2.5 mEq) of triethylamine are added and the solution is agitated for 30 minutes. 

A solution of 0.639 gr (2.5 mEq) of 2-chloro-1 -methyl pyridinium iodide in 60 ml of DMSO is slowly 
added drop by drop over a time interval of 1 hour and the mixture is kept for 15 hours at 30°C. 

A solution formed by 100 ml of water and 2.5 gr of sodium chloride is then added and the resulting 
mixture is then poured slowly into 750 ml of acetone while under constant agitation. A precipitate is formed 
which is then filtered and washed five times with 100 ml of acetone and lastly vacuum-dried for 24 hours at 
30°. 

2.71 grs of the title compound are obtained. Quantitative determination of the ethoxy groups is carried 

» 
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Example 30: 


io PREPARATION OF THE ETHYL ESTER OF CROSS-UNKED CARBOXYMSTHYLCHITIN 

Product description: 

rs 75% of carboxy groups esterified with ethanol. 

25% of carboxy groups used in internal esterification 


Example 31 : 


as 


40 
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55 


~— PARTIAL CORTISONE ESTER {C2}) OF C^OSS-UNKED HYALURONIC ^CID 


Product description: 


20% of carboxy groups esterified with cortisone. 
25% of carboxy groups used in-internal esterification. 
55% of ca/boxy groups salified with sodium. 


added droD bvd on 2L\? Q> ° 2 - chlor °-'-^yl pyridinium iodide in 60 ml of OMSO is slowly 

a c«? .■ P 3 t " Tie ,n,erva< of 1 hour and tn « m**ura is kept for 1 5 hours at 30°C 

A solution formed by 100 ml of water ann 3<; nr „ ( , J, 1 30 Cl 

mixture is then poured sLy inTo 75G m Tai aLnnJ > ' S the " added the r8SU,tin 9 

which is then filtered and \ZZ L ^ ma,nta,n,n 9 «ntinual agitation. A precipitate is formed 

of acetone and Su^Tar^: £ "* * aC8t ° ne ' Water *' " »~ ^ 1 °° ml 

hyd^'^wiS.XlISL^!?,-"* STX" Quamitative ^termination of cortisone, mild a.kaline 
to 8.P Woalcoholic solut.on of Na ? CO, and extraction with chloroform, is carried out according 


25 


Quantitative determination of the total ester groups is earned out 
described on pp ; ,69-172 of "Quantitative Organic An^s,^ * Sap ° ni,ica,,on 
and Sons Publication. V functional Groups" 4th Edition John Wiley 


Example 32: 


PREPARATION OF THE MIXED ETHANQ L AND CORTISONE PARTIAI pct== ,o„ 
'0 HYALURONICIvcId ThY) ■ PARTIAL ESTER (C21) OF CROSS-LINKED 


Product description: 


is 


20% of carboxy groups esterified with cortisone (C2l) 
25% of carboxy groups esterified with ethanol. 
25% of carboxy groups used in internal esterification 
30% of carboxy grouos salified with sodium 


25 


30 


35 


-0 


6.21 gr of HY tetrabutylammonium salt with a molecular weiaht of a<; nnn 
monomeric unit are so.ub.lized in 248 ml of OMSO «Tc o 3 fl c !f f " rres P°"<*0g to 10 m Eq of a 
and the resulting solution is kept" at 30° for 12 hours 0 85 orVmPnf J of I" ' °' 6thy ' '° dide are added 

mixture is then poured slowly inTo 750 Tot acetone 'll? Ch, ° rid9 * then 3dd6d and the 

k car,,,a out according ra ,„ 9 siollicafc ™,nj, h T?° "»"«"•*"> °< »• »»l .tot orouos 
v,a F u „c«cna, 9 0 ,c uo ^ IT^oTl^Z "^.SLof " <*»"" 


Example 33: 


HYALURONIC ^ C"^ fH77~ ^ ^° C ° R "S°"E ESTER {C2l_) OF CROSS-UNKED 


45 


Product description: 


50 


55 


20% of carboxy groups esterified with cortisone (C21) 

70% of carboxy groups esterified with ethanol 

10% of carboxy groups used in internal esterification. 

™nomer:7r^ *;™» corresponding to to mE q of a 

the resulting solution is kept at 30- for 12 hour Toas I J %Vr^ °' arB added and 

Won and the resulting solution is kept at 30 'C ^1! h I f Q> „ * 1 - bromo - 4 -P~gnene- l7-a-ol-3.1 1. 20- 
and the resulting solution is agitated fo r 30 minutes ^ °-° °' tr,eth * lamine af * add * d 

added dropby drop ^.SriTnSrli o^T^ , ^•!! 1V, Pyridi " iljm i0C " de ln 60 ml 0f DMS0 is S, ^'V 

The resulting mixture TlZVl^ L / m ° iS k6Dt for 1 5 hou ' s « 30"C. 

.s slowly poured into 75Q m| Qf acetone majntam . cominuaj 
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precipitate is formed, which is then filtered and washed five times with 100 ml of acetone and lastly vacuum- 
dried for 24 hours at 30°C. 

4.58 grs of the title compound are obtained. Quantitative determination of cortisone, mild alkaline 
hydrolysis with a hydroalcoholic solution of Na 2 C0 3 and extraction with chloroform is carried out accordinq 
to B.P. 

Quantitative determination of the ethoxy groups is carried out according to the method of R.H. Cundiff 
and P.C. Markunas (AnaJ. Chem. 33, 1028-1030 (1961). Quantitative determination of the total ester groups 
is carried out according to the saponification method described on pp 169-172 of "Quantitative Organic 
Analysis Via Functional Groups'* 4th Edition John Wiley and Sons Publication. 

Example 34: 

rs PREPARATION OF THE PARTIAL TETRABUTYLAMMONIUM SALT OF HYALURONIC ACID (HY) 

Product description: 

20 25% of carboxyls saiified with tetrabutylammonium. 
75% of carboxyls in acid form. 

4.0 gr of HY sodium salt with a molecular weight of 170.000. corresponding to to m£q of a monomeric 
unit, are solubilized in 400 ml of distilled H 2 0. and then passed through a thermostatic column at 5°C. 
containing 15 ml of sulfonic resin (Dowex 50x8) in h" form. The sodium-free eluate. keot at a temperature 
25 of 5°C. is added to 25 ml of a solution of 0.1 M of tetrabutylammonium hydroxide, while under constant 
agitation. 

The resulting solution is frozen and freeze-dried. 
30 Example 35: 

PREPARATION OF CROSS-LINKED HYALURONIC ACID SALT WITH CARTEOLOL 


35 


Product description: 


25% of carboxy groups used in internal esterification. 

75% of carboxy groups with carteolol. 
jo 4.39 gr of partial tetrabutylammonium salt (25%) of hyaluronic acid corresponding to 10 mEq of a 
monomeric unit are solubilized in 248 ml of DMSO at 25°. 0.253 gr (2.5 mEg) of triethylam.ne is added and 
the resulting solution is agitated for 30 minutes. 

A solution of 0.639 g (2.5 mEq) of 2-chloro-1 -methyl pyridinium iodide in 60 ml of DMSO is slowly 
added drop by drop over a time interval of 1 hour and the mixture is kept for 15 hours at 30°. 
45 The resulting mixture is slowly poured into 750 ml of acetone, maintaining continual agitation. A 
precipitate is formed which is then filtered and washed five times with 100 ml di acetone and lastly vacuum- 
dried for 24 hours at 30°. 

The precipitate is suspended in 400 ml of distilled water and cooled to 5°C. 

2.19 gr (7.5 mEq) of basic carteolol are added and the whole is agitated for 30 minutes. The resulting 
so . mixture is freeze-dried. 

5.8 grs of the title compound are obtained. Quantitative determination of the ester groups is carried out 
according to the saponification method described on pp 169-172 of "Quantitative Organic Analysis Via 
Functional Groups'* 4th Edition John Wiley and Sons Publication. 

Analytical determination of carteolol is carried out according to the method of S.Y. Chu [J. Pharmac. 
55 Sci. 67, 1623 (1978)]. 


Example: 36 
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— — — — — ^121 ^^1^£^CIN OF JHE SALT OF A CROSS-UNKED HYALURONIC ^CID 
Product description: 

5 

25% of carboxy groups used in internal estenfication. 
75% of carboxy groups with kanamycin. 

4.39 gr of partial tetrabutylammonium salt (25%) of hyaluronic acid mrr^^n- > rt - 
monomeric unit are solubilized in 248 ml of OMSO a 25* 0 253 qr (2 ?S !h 9 , ° mEQ °' * 
io and the resulting solution is ag.tated for 30 minutes " 9 Q> ° tnet ^ ,am,ne « added 

add e Vd°rnn°H n ? ^ 9 ( " ^ 0f 2 ^' 0 ^ 1 -methyl.pyndin.um iodide in 60 ml of DMSO i, siowlv 
added drop by drop over a t,me interval of i hour and the mixture is kept for 15 hours at W 
The resulting mixture is slowly poured into 750 ml of arptnno ' 

column containing ,5 ml of quaternary ammoni.m res.n (Dowex 1x8 OH- term sar^ 9 3 

ma.ntained for 30 m.nutes. The resulting m.xture ,s freeze-dned ' Wh " e a9 ' tat '° n ' S 

~£££ t ^Z^T^^^T^^T^ este o 9roups ,s — - 

Funct.ona, Groups" 4th Edition John Wi.ey and Sons PuScaZ * Organ.c Anaiys.s Via 

to s^^ST""*'* °< Kanamycin i s carried out on B. sufcti.is 6633 in comparison 


20 


Example: 37 


PREPARATION WITH AMIKACIN OF A CROSS-LINKED HYALURONIC ACIO SALT 


Product description: 

25% of carboxy groups used in internal esterification. 
75% of carboxy groups with amikacin. 

.no the resuiuog so lutl „„ * agitatM ,„ 30 m , nut „ s ° ' 253 = r < 2 ' 5 <" "'emylam.n. „. a<MM 

^SKlSlrrH 7 " m ' " aC8t ° ne - '™ « ~ ag, t a tl on. A 
Sned for 24 hoJrT at 30- *™ 9 ^ '° 0 ml 0f acetone and ^ vacuum- 

The precipitate is suspended 'in 400 ml of distilled water and cooled to 5°C 

resulting mi^eTs^tdSd. "* Wh " 6 Under C ° nStam aC " ati ° n f " 30 ™. 

^rir^'iT^Z^ ^T" 6 '- Quantitative ^termination of the ester groups ,s carried out 
Function^, L^^rS « — Organ, Analys.s Via 

stan^d n Am^n e,erminati0n * amikadn iS ^ ™°«°^»V on S. aureus 29737, compared to 

55 Example: 38 

PREPARATION OF THE PARTIAL ETHYL ESTER OF CROSS-LINKED HYALURONIC A££ ihyi 

* > 

28 


45 


50 


' Product description: 


to 


ts 
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25 


50% of carboxy groups esterified with ethanoi 

o ca^T 9r ° UPS USed ' n internal este "«cation. 
+v of carboxy groups salified with sodium 

6.21 gr of HY tetrabutylammonium salt with a m«i~ i 

-f 9 =i ! a^^^^ 

out according to me method of R h r 1 „ Quant,ta,ive determination of the ethoxv or« 

« *« pJL- - Quantitative 0, 9 a* Analysls Wa ^^^?£^»£« 


Example: 39 


50 


35 


4$ 


50 


Product description; 

A sXion of 0 ! 6 9 Q S M Ut, °= 30 °' Pyndi " e Ch, ° ride ™ 

drop by drop over a l te l a ? Q f\ ToT^'LTl e ~** ttmm "» * » of OMSO is s,ow, y added 
A so/otion made up of ,00 m. of wate Tnd 2 5 IP? * 11 3 tem P^t U re of 30° for 45 hours 

grs or the title compound are ohfa.o^ /-\ 
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Formulation 1 • Coiiirium containing cortisone of which 100 ml contain: 

- partial and mixed ester of hyaluronic acid with cortisone and ethanoi (Ex. 32) 

nr n ^nn 
yr. u.juu 

• ethyl p. hydroxybenzoate 

gr. 0.010 

- methyl p. hydroxy ben zo ate 

gr. 0.050. 

- sodium chloride 

gr. 0.900 

- water for injectable preparation/q.b.a. 

ml. 100 


Formulation 2 - Cream containing a partial ester of hyaluronic acid 
with ethanoi of which 100 gr. contain: 

- partial ester of hyaluronic acid with ethanoi (Ex. 9) 

gr- 0.2 

• polyethyleneglycol monostearate 400 

gr. 10.000 

- Cetiol V 

gr. 5.000 

- Lanette SX 

* 

gr. 2.000 

- Paraoxybenzoate of methyl 

gr. 0.075 

- Paraoxybenzoate of propyl 

gr. 0.050 

- Sodium dihydroacetate 

gr. 0.100 

- Glycerine F.U. 

gr. 1.500 

- Sorbitol 70 

gr. 1.500 

- Test cream 

gr. 0.050 

- Water for injectable preparation/q.b.a. 

gr. 100.00 
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Formulation 3 - Cream containing a partial ester of carboxymethylchitin with 
ethyl alcohol, of which 100 gr. contain: 

30 

- partial ester of carboxymethylchitin (Ex. 29) with ethyl alcohol 

gr. 0.2 


- Polyethyleneglycol monostearate 400 

gr. 10.000 


• Cetiol V 

gr. 5.000 


- Lanette SX 

gr. 2.000 


- Paraoxybenzoate of methyl 

gr. 0.075 

35 

- Paraoxybenzoate of propyl 

gr. 0.050 


- Sodium dihydroacetate 

gr. 0.100 


- Glycerine F.U. 

gr. 1.500 


• Sorbitol 70 

gr. 1.500 


- Test cream 

gr. 0.050 

-to 

• Water for injectable preparation/q.b.a. 

gr. 100.00 


The following preparations exemplify the medical articles according to the invention containing the 
alginic esters. 

•15 

Example 40: 


PREPARATION OF FILMS USING CROSS-LINKED ESTERS OF CARBOXYMETHYLCELLULOSE 

A solution is prepared in dimethylsulfoxide of the cross-linked n-propyl ester of carboxymethylceilulose. 

By means of a stratifier, a thin layer of solution is spread on a glass sheet: the thickness must be 10 
times greater than the final thickness of the film. The glass sheet is immersed in ethanoi which absorbs the 
dimethylsulfoxide but does not solubilize the carboxymethylceilulose ester which becomes solid. The film is 
detached from the glass sheet, is repeatedly washed with ethanoi. then with water and then again with 
ethanoi. 

The resulting sheet is dried in a press for 48 hours at 30°. 
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Example 41: 


s PREPARATION OF THREADS USING CRQS^UNKED ESTERS OF CAHB OXVMETHVLCELLULOSE 

A solution is prepared in dimethylsulfoxide of the cross-linked h«nrvi acfa t 
The solution thus obtained is pressed by means of a purnp h ou ^ aZ" d er ttn ' f?™^ 1 "**™' 
The threader is immersed in emanol/dimethylsulfoxide ££ ms conceZLn , T' 


'5 Example 42: 
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V^THvCcHm N - " ^Ifi^ i^ADE WJTH CROSS-LINKED ESTERS OF CARBOX- 

are o^t^S « *" C " ta "" c ^ « ~"«- 

ch.oride with a degree of'granulanty SrSSniJj ^ VoT^lTST./ TZ °' 31 5 9 * S ° dium 
add is added and the whole is homogenized Z a m£er ' 9 S ° d ' Um b,carbonat ° ^'9°' citric 

The pasty mixture is stratified in various ways for instanr* h« m«„. , 
rollers which turn opposite each other at an Li.«wh ! h ? \ man " consistin 9 of two 

the paste is passed between me roHers LTJl T the two - Re 9"'*i"9 this distance 

layer of paste thus <oZl Tne layer s cut to the^eslred'd Si ' iC ° ne ^ ^ " * SUPp0rt 10 the 

the silicone, wrapped in filter p^md im^i* *™™°™ of length and breadth, removed from 


Example 43: 


J3 

Smgy, N ^ * ^1 MATERIAL MADE WJTH CROSS-LINKED ESTERS OF CAR80X- 

solven/capab'e of diL^fng the choS^ IsTT^ZV * ™ " ^ 

other solid, compound wn.ch is insoluble i £ J«. ♦ P ! S ° d ' Um Cn ' 0r ' d9 " iS P0SSible to use an V 
which is however J^ J^ JJS ,,d ; diSS °' Ve * he "rboxymethyichtin ester, but 
mentioned mechanical treatment ? ™i £«u k k ? 8 eart>ox y m ««hylchitin ester after the above 

<s of pores desired fn t h e s^^ensl * *• C ° rreCt d ^ ree °< ^anular.ty to obta.n the type 

<~*^"^^:^™l^^ r * is possib,e to use other coupies ° f simii - 

dissolve carboxylmethvlchitin in «T,rh > ? suspens.on or solution of the solvent used to 

of produdn a wSSSl * nn 3 W " y " l ° f ° fm 3 9aS " Such as carbon which has the effect 

so bicarbonate JfSJ^^JV^ *" " iS P ° SSib ' e t0 US8 ' in ,he place of sodium 

acids in solid !oZ sZ ls^ a Z acid " 3 ^ C3rb ° nateS «" ln th9 P ' 3C8 ° f CitriC acid °* er 

varia^e" tt toTe Z^T, T™ ** ^ ™* b ° ^ in ™"V -ys. Such 

modifications as would hi ?,h , departure from the spirit and scope of the invention, and all such 

55 the fo.low.ng ctajms * 008 Skil,ed in th9 art Me « to be inc,uded ^ »• «ope of 


31 


Claims 
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1. Cross-linked carboxy acidic polysaccharides wherein at least > fir« „ ~- 
said polysaccharide are cross-linked by ester totMna v ^Z?^ °' Carboxyl arou P s °' 

s po ( ysaccharide mo,ecu.e and/or to hydroxy, <J^*S£Z£%2£ 22^' °' Sa ™ 

2. Cross-linked acidic polysaccharides according to claim I JhTJ , ! molecules, 
from the group consisting of hyaluronic acid, alginic acid ^^m^jS^^'T^*" ^ S9 ' eCted 

3. Cross-linked acidic polysaccharides according to on* of clTims !ld i * cart30 ^ me «"y^hitin. 
funcoons of said polysaccharides are ester bonded to a hydroxy. « u Wherem a " 0f the carbo *y' 

10 *; Cro «-linked acidic polysaccharides according to any one of claims , -x * 

said first portion of carboxyl groups involved in crosslink?™ £ * . * ' Where,n the Percentage of 

polysaccharide ranges between i?anol£% Cr0SS -" nk,n 9 to the to «l number of carboxyl groups in said 

r^^^r^r"*™ 9 * 3CC0rdin9 10 «*" 4 ' — - Pontage of cross-inking 

" PoriSTSSi^ - - 4- 5 . wherein on(y . 

second portion of carboxyl groups of sa'd I ^ in wh ' Cf1 a 

7. Cross-linked acidic polysaccharides wS^ cZ rh m ° n °* ° f Doivva| e n t alcohol, 
from the group consisting of al.phatic. ara lo^^JSSc a^!T "'V'"* 10 ' iS 3 ™™er se,ected 

8. Cross-linked acidic polysaccharide' - heterocyclic alcohols, 
have a max,mum of 34 c^n"^ ^ »* -co** of the aliphatic ser.es 
the group formed by ammo, hydroxy meTcamo 2 1 . ? °' M ° n&i 9f ° ups chosen f ™ 
bylamino. ether, ester, thioester acetai Z!i c^l^l L ' ^ roc ^ "d dihydrocar- 
or more alky, groups, the hycrocarby. radS ^TSoZTJL^^ ^ 5Mt9 ' 3 * °™ 

^r:r^^^ * an _ a 


is tartronic alcohol. 


13 Cm<l m w oneiric acia or citric acid, 

-es ha v :^~^ -id a IC oho,s of the araliphatic 

wherein the benzene residue may be subset** t T ^ 3 maximum of 4 carbon atoms and 

halogen atoms, and wherein the al'phSe chain ™ b ! tW6en 1 3nd 3 methyl 0f h V dro ^ 9«>ups. by 
group consisting of free amino groups ^ ^T^ST^ *l °"* °' ^ fUf1Cti ° nS Ch0Sen from «° 

14. Cross-linked acidic- polvs«chan^^r I V 9 P * ° r by p y rro,idine or Pyridine groups. 

or aliphatic-cycloaliphatic sSe ZZ T ? *° ? ' '"^ 3,C0h0,s of the cyc.oaHohatic 
atoms. S ^ m ° n °- ° r PO'ycycl-c hydrocarbons with a maximum of 34 carbon 

nj^fp^ wherein . ,d heterocydic a.cohols are 

or ring by one or more ^eteroatoms Xse ^ mm *e 1 f °"°' S intanu ^ in «rbon atom chain 

16. Cross-linked acidic po^chZ2^rrl ^ 9 T T™** ^ nitr ° 9en - oxyaen and Sulfljr - 
selected from the gn^ JSSSTTSiJ^IS , k'T ? ' Said het erocyc.ic alcohols are 

drugs. «r«teonvulah£t^^ Phenothiazine drugs, thioxanthene 

relaxants, coronary ^uomS^^S^^^ 9 ^' an ° rexiCS - «™*«««»™. musc.e 

— • 

or ^^n^T^S?^ a - - o' — « - - w*. an alkaline 
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■\ 18. A salt according to claim 17. with sodium or ammonium 

' heterocyclic amine C ° rdin9 " C ' a ' m ^ *** ^ " " ali ° natiC - 3raliphatiC - -'Coaliphatic or 

20. A salt according to claim 19. wherein said amine is a therapeutically acceptable base 
s 21. A salt according to claim 19. wherein said amine is a therapeutically active base 

ceoS- ohl^ 0 ^ 09 ? ^'T- 21 • Where ' n amme iS Se,eCted fr0m the S' 0 ^ consisting of: alkaloids. 
E !' ben20d,azep ' ne ' ^oxanmene. hormones, vitam.ns. anticonvulsants, antipsychot- 

ics ant.emet.es. anesthetics, hypnotics, anorexics, tranquilizers, musc.e relaxants, coronary vasodilators 
antmeoplast.es. antibiotics, antibacterials. antivirals. antimalarials, carbonic anhydrase inhibitors nonsteroid 

SSTbS ' V r C ° nS,riCt0rS - Ch0 ' iner9iC 390niStS - Ch °' ineraiC W0Ckers - adrenergic agones ad 
renergic blockers, and narcotic blockers. 

23. A salt according to claim 17. where.n said amine is pharmacologically inactive and is selected from 
the group cons.st.ng of mono, di-and tn-alky.amines with a maximum of 18 carbon atoms JyZ^Z 
mth a max,mum of 18 carbon atoms in the aliphatic part and with a benzene grouo as an arom ^part 
„ opt.ona.ly substituted by between , and 3 methyl groups or halogen atoms or hydroxy. 3p S a N 
h W ' th T" °' ° etWeen 4 6 Carb ° n at ° mS ° P ^ a "V interrupted in y «he 9 cyc.e by 

' ^rryVo^nrns^ 9r ° UP COnS,Stin9 °' ° ^ ^ «" — °< a " "~ ^ *™ b^ 

* ^ig^xzsxzs^ or a sa,t thereof acMg • any - * — ^ — * 

said^.ys~e^ °' 3 —* » «> " « «-"«• — 

26. Cross-linked acidic polysaccharides or a salt thereof according to any one of claims 1-23 where.n 
said polysaccharide is carboxymethylchitin. wnerein 
25 27. A cross-linked polysaccharide according to claim 24 which is a totally or partially cross-linked 
hyaluronic acd. wherein said partially cross-linked hyaluronic acid includes a portion of carboxy! g oups 

SSTmS 3 ,0W6r a ' iPhatiC aiCOh °'- ° Pti0na " y inC ' UdeS 3 POrt ° n ° f Carb ° Xy ' ^ou P s saS STZ 
28. A compound according to claim 27. selected from the grouo consisting of- 
30 exte y n?o r f°99 C % aCid Cr ° SS -' inked tQ an extent °' 1% <* the carboxy groups and salified with sodium to an 

exte ya !r95%; Cid Cr ° SS -' inked 10 3 " 6Xtem 0f 5 "' of the car "oxy groups and salified with sodium to an 

35 'wSZTS^ Cr ° SS "' inked t0 3 " ex,em 0f 10% of tfie car °°*y Oroups and salified w.th sodium to an 

extenTo?^/ 30 ^ Cr ° SS -"' nked t0 an extent of 25% of the "rboxy groups and salified with sodium to an . 

exSf SO-/ 30 " 1 Cr0SS -' inked '° ™ 8X,ent 0f 50% of the carbo *y groups, and salified with sodium to an 

extenToTSrr^ Cr ° SS "' inked '° " °' ^ °' *' C3rb ° Xy 9r ° UpS a ° d Saii,ied w,th sodium «° ™ 

■ hyaluronic acid cross-linked to an extent of 100% of the carboxy groups- 

emanoTand JS^^'*? " *" SXtent ° f 25% ° f C3rb ° Xy 9r0upS ' es,erified to an e * tent °< 25% with 
etnanoi and salified with sodium to an extent of 50%- 

emanoTaS SZZFT*? * " °' 25% °' C3rb ° Xy 9r0,jpS ' eSter ' fied t0 an e * tent of 50 * 

etnanoi and salified with sodium to an extent of 25%- and 

Smof Is-/ 30 ^ Cr ° SS -' inked tG 2n extent of 25% of the carboxy groups and estenfied with ethanol to an 


4C 
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extent of 75%. 

ai a m^' a Jirt Cr0a h"" n - ked p0lySacCflaride according to claim 25. which is a totally or partially cross-iinked 
Zm t^l rT" Partia " y cross - |ink8d alginic includes a portion of carboxy groups estenfied 
witt a lower aliphafc alcohol, and optionally includes a portion of carboxy groups salified with an alkaline 

30. A compound according to claim 29. selected from the group consisting of- 
55 99?™° aC,d Cr ° SS -' inked t0 an extent of of the carboxy groups and salified with sodium to an extent of 

- ajginic acid cross-linked to an extent of 5% of the carboxy groups and salified with sodium to an extent of 

- algmic acid cross-linked to an extent of 10% of the carboxy groups and salified with sodium to an extent 
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of 90%; • 

Q ajginjc acid cross-.in.ed to an extent of 25% of the carboxy groups and salifiea w.th sodium to an extent 

s of^; 3Cid Cr0SS *"' nked t0 " 8Xtent °' 5 ° % ° f the C3rb0Xy dr0ups « ^ified with sodium to an extent 

• aiginic acid cross-linked to an extent of 75% of the carboxy grouos and saiifi^n ~ ** ^ 

of 25%; y y rou Ps ana saiified with sodium to an extent 

- aiginic acid cross-linked to an extent of 100% of the carboxy groups* 

- 2%™™~£iz zzzstzr careoxy 9rauos: ' s,e " ,iM - — ■ » - — « - 

• a,g,n,c a dd c,o SS « M ,o «, ex»m o, 25 % o. n. cartox, group, ed „ „ 9xtent „, 75 „. „ im 

32. A compound according to claim 31 selected from the group consisting of: * etaL 

» cross - ,inked 10 " extem * 1% ° f ^ «-. um to an 

ex;Tof y 9 m 5 S; ylChitin Cr ° SS " link6d '° " °' 5% °' the Carbo *V group, salified w,m sodium to an 

;x?e^o7 9 m ot; y,Cf,itin Cr0SS "" nked W " 6Xtent " 10% °' "» <W *" d with sodium to an 

" e^o7 9 m ot : ylCh,tin Cr0SS '"' nked t0 " 6Xtent " ' 0% °' "° Cart5 -V groups and salified with sodium to an 
;^o X f y 7 m 5 t y,C,litin Cr ° SS " inked 10 ^ eXtem °' 25% °' "» <W " d saiified with sodium to an 

30 ex C te ;?o75 m ot y,Ch,,in Cr ° SS ' ,inked 10 " eXtSnt ° f 50% ° f *" ^ «« -lified **h -dium to an 

- carboxymethylchitin cross-linked to an extent of 75% of the carboxy groups and saHfied to an extent of 

carboxymethylchitin cross-linked to an extent of 100% of the carboxy groups 
33. A compound according to claim 31 selected from the group consisting of 

" xsrr^r zs:sr - 25% - - ~~ » - — °< « 
^^nr^r^^ — ■ - «- » - 

- carboxymethylchitin cross-linked to an extent of the 

-o an extent of 75%. 0 tf1e carbox y 9roups and esterified with ethanol to 

h J,^n C ° mP ! Und aCCOrdin 9 t0 c,aim 24 Elected from the group consisting of: 

carboxy — ■ estLed ■ - — - « - 

- ^^%^^!!r , | ? a " 6Xtem °' 25% ° f thS Carb ° Xy 9-ops. estenfied with cortisone to an 
hya uronTac^ Zt ° " eXtem °' 25% and S3,ified W,,h sodium t0 an **«nt of 30%: 

JToT^^SSS S e^ntofVc^ " ^ ^ ° r0UPS - ~ ~ » « 
extern;? 75 C %- ^ Cr0SS -" nke<3 t0 a " 6Xtent of 2S% of th * ^rboxy groups and salified with carteolo.o to an 

50 'JXfiZ^^ M t0 30 9X,Bnt ° f 25% ° f «° groups and salified to an extent of 75% 

extemT^f" Cr0SS -"' nked 10 " °' 25% of the carboxy groups and salified with amikacin to an 

2i 5.^ p ^SVSJT POi ' ,h,n comprising as 30 active ingredient a compound accordina 10 c,aim 

36. A medicament comprising: 

(D a pharmacologically active substance or a mixture of pharmacologically active substances; and 
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(2) a vehicle compr.sed of a cross-linked polysaccharide .according to any one of claims 1-34. 

topical' U te me<3iCarTient aCC ° fdin9 l ° C,3im 36 ' ^ WWCh COmponent <1 > 15 a substance for oral, parenteral or 

acid 38 ' A m8<3iCament accordin 9 t0 c,aim 37 - in ""tan the polysaccharide of component (2) is hyaluronic 

39. A medicament according to any one of claims 36-38. wherein the component (1) is an anesthetic 
analgesic, antiinflammatory, vasocontnctory antibiotic/antibacterial or antiviral agent 

^ 40. A cosmetic article containing a cross-linked acidic polysaccharide according to any one of claims 1- 
claims'i^r^ ° f $Ur9iCal artC,e C ° ntaining 3 cross - |in, <ed acidic polysaccharide according to any one of 

pJ£iS%52£^ accordin9 10 c,aim comprised °' threads - °< a 

^pS^SdZJST artC18 3CC0rdin9 10 Cl3im COmPnSed °' C3PSUleS f ° r - subcutaneous 
^^'^;^^~ COr « n ' l ° C ' aim 41 ' C — d °< «"~- * subcutaneous. 
^JZTZSnZS?^ aCCOrdi " 9 t0 C,a ' m 41 ' « — — a -P- to be 

wount a^Ss" SlJr9,Cal aftiC ' e aCC0rd ' n9 10 Cla ' m 41 • C ° mpriSed °' ** «• medication of 

hyaluronic adcT " ^ ,0 ^ °' C ' a ' mS 41 ' 46 - whe ' ein * e P°'ysacchande is 

algin'S ac,d SanitarV " * ^ 0ne ° f daimS 41 ^ wherein < he Polysaccharide is 

49. Use in therapy of a cross-linked acidic polysaccharide according to any one of claims 1-34 
field 3 Cr0SS "" nked aCidiC P°'ysaccharide according to any one of claims 1-34 in the industrial 

cn^Lr*! °! * Cr °!f' ' inked addiC P 0, y saccharide according to any one of claims 1-34 in the alimentary 
cosmic san.tary and surg,cal fields, in the production of paper, resin, dye and household goods 

artificfa. skin. " Cr ° SS " linked P°'y sa « ha ^e according tc any one of claims 1-34 in dermatology as 

hya.u 3 onic Se acid tr^c T*. Pr ° dUCt aCC ° rd,n9 " ^ °' d3imS ^ »* is 
surgfctl opL 0 Jons CrOSS "' inked P ° ,ySaCChafide aCCOrdinQ » a ^ of claims 1-34 as suture thread in 
comprises:^ 0 " 55 ^ Pfeparati ° n of threads or ,i,ms of a cross-linked acidic polysaccharide which 

(a) dissolving a cross-linked acidic polysaccharide in a first organic solvent- 

(b) forming said solution of a cross-linked acidic polysaccharide into a sheet or thread form' 

said first o'g^SenT S °' Vem * tr8atm6nt * 3 SeCOnd ° r9an ' C ° f aque0US SOlvent M is * 

56. A process according to claim 55. wherein dimethylsulfoxide is used as said first organic solvent 

and I. J? n SSI!! S h aC f 0rd,n9 '° Cl3im 55, Wh8rein he »«"oroiaopropanol is used as said first organic soivent 
and is eliminated by treatment with a flow of heated inert gas. 

58 A process for the preparation of cross-linked carboxy acidic polysaccharides which comprises- 

ooivJlLr^V" aC ' d,C p0| y saccharid8 with ^ activating agent to activate carboxy grouos in said 
polysacchar.de to form intermediate activated polysaccharide derivatives- and 

rm« said '"Mediate activated polysaccharide derivatives to heat or irradiation to produce 

cross-linked carboxy acidic polysaccharides. 

nni Pr ! C6SS aCCOrding t0 claim 5S - wherein « least a portion of the carboxy groups in said acidic 
polysaccharides are saiified. 

a „ JS^ Pf0C T, aCCording to claim 59 - wherein said at least a portion of carboxy groups are saiified with 
an alkaline or alkaline earth metal, or with a quaternary ammonium. 
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61. A process according to claim 58. wherein said treatment with an »rt.„«- 

presence of a catalyst. ireaiment w.th an activating agent .s performed in the 

62. A process according to claim 58. wherein a portion of the Mr h„ 

polysaccharide are esterified with a mono- or polyvalent aicohol V 9r ° UPS Sa,d acidic 

^^^slZTl 0 ^^ Wh6fein ^ * -odiimide. 

sa,d activatinQ ^ * * 

the aiky. has a maximum of 6 carbon «oms 9 P C ° nS,Stm9 °' Ct1 ' orine and bromi "« "d 

amine base. polysaccharide in the presence of a tertiary 

aprofcl^r" aCC °"* n9 °" 9 °' d * m! 58 - 65 - «*•*■ »• « ou. * an o, 9 a* 

J.ss^tSis s v vr ,vin5 ,ne ac,osc - • * 

« W a portion of any , e mainino I,.. ^ r.,hT , * e '" """M" 9 "' '° cross-linkin, „ aa i 0 „ 
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